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The first part of this dissertation is an update on the isostructurality method of 
PXRD analysis (lsoPXRD), the last update having been published in 2001 The 
scope of the isostructurality part of this dissertation includes organic inclusion 
complexes of all three natural cyclodextrins (a-, ~- and 'f-CDs), and their 
derivatives PXRD patterns of these complexes were computed from their atomic 
coordinates available on the Cambridge Structural Database (CSD) 
The use of this method IS further demonstrated as exemplified by CD inclusion 
complexes of drugs of the salicylic acid derivative type. Thus it is herein shown. 
using this method, that the mCHloclinic form of sulfasalazine can produce 
inclusion complexes with ~- and y-cyclodextrins. while the triclinic form did not 
result in an inclusion complex when kneaded with any of the three natural 
cydodextrins 
The second part of this dissertation is the synthesis characterisation, and crystal 
structure determination of Induslon complexes of the potassium and the caesium 
salts of the commonly used nCHlsteroidal anti-inflammatory drug (NSAID) 
diclofenac (2-[2;6-dichlorophenyl)aminoJbenzeneacetic acid), with ~-cyclodextrin 
The potassium- and the caesium--diclofenac.~-cyclodextrin complexes were 
prepared by the co-precipitation method at elevated temperatures, and their 
crystals were grown by the slow evaporation method at room temperature A 
comparison of these two complexes with the sodium analogue (previously 
studied) is also given, together with the thermal behaviour of all three complexes. 
as studied by HSM, TGA and DSC The syntheSised complexes were studied by 
X-ray diffraction techniques and characterised by the Karl-Fischer method and 
elemental analysis; in addition to the thermal analysis methods 
The potassium diclofenac_~_CD and the caesium diclofenaC_f\_CD crystal 
structures were found to be isostructural in the orthorhombic space group 
P2,2,2, but are not isostructural with the sodium analogue which crystallizes in 











CHAPTER 1: INTRODUCTION 
1.1 Introduction to Cyclodextrins 
1.1.1 Discovery and Nature of Cyciodextrins 
Just as the enzyme amylase is known to convert starch and glycogen into simple 
sugars such as glucose and maltose, the enzyme glucosyltransferase degrades 
the amylose fraction of starch into cyclic oligosaccharides, called cyclodextrins 
(CDs), composed of 1,4-linked rt-O-glucopyranose units [1-3). Figure 1 1 below 
shows the action of the cyclodextrin glucosyltransferase (CGT) enzyme on 
starch, resulting In crystalline cyclic dextrins (cyclodextrins) and amorphous 
linear dextrins. 
Sep~ ration + 
Purification 
--~ 
Figure 1 1 - FormatlOO of cyclodextnn from starch (adapted from reference 4j' 
and the chemical structure of ~-cyclodextrln 
Since their discovery in 1891 by Villiers, at least three major forms of this group 
of compounds have been fully characterised and their inclusion complexes are 
currently being studied in detail These three well known, industrially produced 
major forms of cyclodextrins are most commonly known as a-C~, p-CO and '(-
CD, with six, seven and eight glucopyranose units respecbvely_ Because (t-, I'-












known as 'parent', 'native' or 'natural' cyclodextrins [3]_ For the purpose of this 
work we shall apply the latter two names as the term 'parenr will be used for 
hydrated-CD inclusion complexes only (ie. without any other guest molecule! 
compound). 
1.1.2 Cyclodextrin Derivatives 
Rare CDs with fewer than six [4], or more than eight [2,3,5-6], glucopyranose 
residues per ring are also known to occur but little has been published on their 
inclusion compounds and their practical utility. This is probably because they are 
less likely to form inclusion complexes with most organic compounds, either 
because their cavities are too small, as in the case of CDs with fewer than six 
gll/Gopyranose units, or because they have poorly defined cavities due to their 
flexible structures, as would be the case for CDs with more than eight 
glucopyranose units per ring. 
Figure 1.2 - The structure of a derivatised ~-cyclodextrin For the parent 












As shown in both Figures 1 1 and 1.2, natural cyclodextrins have hydroxyl groups 
protruding from both sides of their faces (primary and secondary faces). 
Modification of these OH groups results in CDs with different physical and 
chemical properties. Thus trimethylated J~~CD (TRIMEB) is one such example in 
which all three hydroxyl groups per glucopyranose unit of a p-CD molecule are 
methylated (where R " CH3 in Figure 1.2) Methylated CDs are usually more 
soluble in water than their non-methylated counterparts, whereas triacetyl ~ 
cyclodextrin is regarded as being insoluble in water [2,7] 
1.1.3 Cyc/odextrin Structural Features 
As seen in Figure 1.2, natural cyclodextrins have the shape of a truncated cone, 
with a hydrophobic Interior, hydrophilic exterior, and twice as many hydroxyl 
groups on the secondary face as there are on the primary face [5,8]. These 
cyclodextrins are thus highly soluble In polar solvents and yet can accommodate 
nonpolar organic compounds in their apolar hydrophobic cavity, yielding inclusion 
complexes which are soiLble in aqueous media Alternatively, relatively water 
insoluble CDs can be designed and have been applied in reducing the side 
effects of nufenamic acid. a IlOnsteroidal anti-innammatory drug, by simply 
slowing down the release of the drug [7]. Structural features of most natural 
cyclodextrins in terms of the principal torsion angle indices, glucopyranose 
conformational descriptors and macrocyclic geometry are well k.nown and 
have been documented elsewhere [2,6_9] Here, only a brief description is given 
together with the average values as have been reported. Figure 1.3 is a reminder 
of the conventional nurrtlering scheme for CD molecules and Table 1.1 is a list of 
the average values of the descriptors of the three natural cyclodextrins as 
defined below. 
The principal torsion angles include the primary hydroxyl torsion angle. the 
glycosidic torsion angles and the pyranoid torsion angles. The primary hydroxyl 












by the atoms Os-Cs-C..o~. Two glycosidic torsion angles ($ and 'l') quantify the 
limited rotational movements of the C,(n)-04(n-1)--C.(n-1) glycosidic link and are 
defined by <1>" 05(n)-C1(n}-O.(n-1)-C.(n-1) and '+' = Ct (n)-O.(n-1)-C.{n-1)-
C~(n-1). The two pyranoki torsion angles At = Creo-C.-C5 and fh '" CrC.-C, 
0 5 describe the conformational relationship around the C. alom of each gll/Cose 
residue. 
Glucose (n) Glucose (n-1) 
~\_-~ ~ , 
Figure 1 3 - Truncaled molecular drawing of a natural cyclodextrin with the 
conventional numbering scheme. The convention for glucose numbering is an 
anticlockwise numbering scheme, hence the glucose (n) and the glucose (n-1) 
on this diagram 
The glucopyranose conformational descriptors include the inlersaccharide 
bond angle (~ = Ct {n)-O.(n-1 )-C4(n-1) describing the angle around the glycosidic 
link. the 02(n)---0;(n-1) distance. and the tilt angle ~1 (or '2). The tilt angle "[1 is 
defined as the angle between the mean gll/Cose plane (i.e. the mean plane 











plane, while ' 2 is defined as the angle between the mean O~ polygon plane and 
the mean plane through the 04(n)-C~(n)-Cl(n}-0~(n-1) atoms, 
Table 1.1 Mean indices used 10 describe Ihe structural features of the three 
natural 
Average values of principal torsion angles (rounded off to the nearest integer). 
r 110 















The geometric parameters of the cyclodextrio macrocycle are besl described 
by an imaginary plane through the 0 4 atoms. Thus a planar hexagon is formed 
by the 0 4 atoms of an o;.CD molecule, a planar heptagon is formed by the O~ 
atoms of a II-CD molecule, and a planar octagon is formed by the O. atoms of a 
I-CD molecule. The principal geometric parameters of the formed polygon are 
defined as follows: I, the side of the 0 1 polygon, is the distance between the 











04(n+1)-0.(n)-04(n-1) (i.e. the acute angle between the two lengths Ii and (3); t 
is the torsion angle 04(n+1)-04(n)-04(n-1~4(n-2): r is the distance between 
the apex of the polygon (or the 0 4 atom) and the centroid of the polygon; If is the 
deviation of each 0 4 atom from the mean plane of all the other 0 4 atoms forming 
a planar polygon. Average values of these geometric parameters are given in 
Table 1 1 above. 
1.1.4 Uses ofCyclodextrins 
Toxicological studies on cyclodextrins have been performed and it has been 
noted that any of their toxic effects are of secondary character and can be 
eliminated by selecting the appropriate type of CD or by changing the mode of 
application [2.3,5). It is therefore not surprising that CDs are used, or being 
investigated for use, in a number of fields such as Biology (as enzyme models), 
Biotechnology (in bioconversion of toxic substrates, cell cultivation, antibiotics 
production), Food Science (for flavour and preservation), Agriculture (in 
pesticide delivery), Analytical Chemistry (as reagents and in separation 
methods), Catalysis (as substrates or mediators), Technology (as 
chemosensors, in nanoteclmology and in liquid crystals) and Phannaceuticals 
(especially in drug formulations) [2,3,7.10 - 151. 
1.2 Inclusion Compounds 
1.2.1 5upramo/ecular Chemistry 
Because of the nature and behaviour of cydodextrins. most cyclodextrin studies 
fall under the relatively new field called Supramolecular Chemistry. Although 
supramolecular compounds were first identified in the early 1800s, the discipline 
of supramolecular chemistry only dates back to the 19605, with the term 
'indusion compounds' originating in 1950 [3,16,171- With the foundation laid 











the chemistry of the intermolecular bond, covering the structures and functions of 
the entities formed by association of two or more chemical species [18] 
Supramoiecular chemistry is best explained in terms of the host·guest 
nomenclature [16], where a macromolecule (either in the form of a macrocycle, 
or a close·packed solid), termed the host, houses the guest. The guest can be a 
large molecular compound, an atom, an ion, or even a radical [17]. This concept 
is not far removed from the lock and key concept of molecular recognition, first 
proposed for biological systems in 1894 [19]. 
Two types of supra molecular compound exist [16]: 
1. Molecular complexes, where the guest molecule is Included within the 
moleCUlar structure of a macrocycllc host; and 
2. Lattice clathrates, where the guest forms part of the closely packed structure 
of a crystalline host 
Forces keeping such molecular entities together include ion-dipole interactions, 
cation·TT interactions, van der Waals forces_ hydrophobic interactions, hydrogen 
bonding. and are complemented by preorganisation and complementarity_ 
cllelate and macrocyclic effects, LeWIS acid·base pairs and close packing in the 
solid state [16,20]. With regard to cyclodextrins, which have been described as 
the most important hosts in supramolecular chemistry [5], electrostatic, van der 
Waals, hydrophobic, hydrogen bonding, charge transfer and 11----1t stacking 
are the most dominant interactions [21,22]. The exclusion of cavity·bound 
high-energy water and the relief of conformational strain are also believed to 
affect cyclodextrln complexation Hydrogen bonding has been termed the 
masterkey interaction In supramolecular chemistry [16]. 
1.2.2 Cyclodextrin Inclusion Compounds 
Of the CD applications mentioned urlder section 1.1.4, we are particularly 
interested in the use of CDs in pharmacy as drug camers, through CD·drug 













authors noticed that crystalline dextrins, which were later found to be CDs, and 
their acetates have a high tendency to form complexes with various organic 
compounds [2,3,5]. Although modes of incJusion of many CD-drug mcJusion 
complexes are known, the main driving force for incJusion remains controversial 
[20·22] Usually, molecular association is made possible not by a single weak 
Interaction, but through the simultaneous cooperation of several weak 
interactions [231-
All factors listed under section 1,2,1 above contribute. where they apply, In 
determining whether a CD inclusion complex will form, and water has been found 
necessary for CO inclusion complex formation [3]. The substitution of the high-
enthalpy water molecules by an appropriate guest molecule has also been 
generally taken as one of the main driving forces for CD inclusion complex 
formation as represented in Figure 1.4 below, reproduced from ref. [5]. 
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p-Xylene 
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In Figure 14, both the water inside the hydrophobic cavity of the parent 
cyclodextrin and the hydrophobic xylene surrounded by water molecules. on the 
left hand side of the reaction scheme, represent an unfavoured high energy 
state. On the right hand side of the reaction scheme is the p-xylene·CD complex 
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1.2.4 Cyclodextrin Crystal Packing 
The first X-ray crystal structure of a CD-inclusion complex was published in 1965 
[271_ As early as 1984 [281 conclusions were drawn that 0-, !3-, and y-cyclodextrin 
inclusion complexes crystallize in basically two different patterns, the cage type 
(composed of fishbone (or herringbone)-type and brick (or /ayer)-type) and the 
channel type (with two kinds of arrangements, the head-to-head and the /Jead-
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Figure 1 5 - Diagrammatic representation of commonly observed CD packing 
arrangements in all three natural cyclodextrin complexes A = fishbone or 
herringbone cage lype, B = brick or layer cage type. C = head-to-head channel type 












The cage type is usually formed 'NIlen small organic guests such as methanol 
and the like, are included in either ct or rl-cyclodexlrins_ With y-CD the cage type 
has only been observed for complexes with water as the guest, otherwise the 
channel type is commonty observed even with small molecules such as methanol 
(6] For the larger organic guests (larger than IJ-propanol), and ionic guests, 
channel or layer structures are frequentty observed for a-cyclodextrin. Head-to-
head and head-to-tail dimeric structures have also been observed in a-CD 
complexes with aromatic guests [9]-
In the case of the wldety studied natural CD, Il-cyciodextrin, all forms of packing 
arrangements have been observed. With the exceptioo of the diclofenac 
sodium.p-CD complex [29J, and other similar crystal structures reported in this 
dissertation. II-cyciodextrin prefers a head-to-head arrangement, with CD 
molecules held together by the hydrogen bonds between the 02-H and 03-H 
atoms of the wider secondary rim for larger organic guest molecules [6,9,281-
These dimers can either pack in cages of larger dimensions than the monomers, 
or can form channels, or even layers [9]_ Noteworthy, and pertinent to our study. 
is the preference of CD complexes of organic salts to form channel structures 
regardless of the guest size [6,9,28]_ 
Tetrameric p_CD inclusion complexes have also been observed. In these 
complexes, two dimers are arranged to form a tetrameric channel, which can 
either pack in 1M mode or in CB mode (see the description of 1M and CB below) 
[30]. 
For the p-CD dimeric complexes, a more systematic approach in the 
classification of their packing arrangements has led to four distinct arrangements_ 
These have been designated as the channel type (CH). the chessboard (CB), 
the intennediate (1M) (so-called because it is intermediate between CH and CB), 
and the screw channel (SC) [31]. Figure 1.6 illustrates these four predominant 












in space groups C2 or P1, and the ca, 1M and SC in C2221. P1 and P21 
respectively [31J. The Implicallons are inat each packing arrangement (or class) 
with a particular space group forms an isostructural series as demonstrated by 
Calra [32J. The isostructurality concept is defined in the subsequent section 
(section 1.3) 
In the SG packing mode each dimer packs above another dimer as in the CH 
mode but the consecutive dimers are not parallel [31]. The stacking of the dimers 
is along the b axis such that they form layers along the a and the c axes. 
SCREW CHANNEL (SC) 
/AL ~ ~ 
"'Wi \][7 \](7 
b 
CHESSBOARD (CB) 













A recent review reveals that these dimers can be displaced by a shift of layers 
along the ae plane to some extent [33]. A sigfliiicant shift of these layers can 
result in a structure that is no longer isostructural with the others although it may 
have similar unit cell dimensions Another structure has recently been reported in 
which its unit cell edges resemble those of the unit cell for the CB mode, but has 
a packing arrangement somewhat between the CH and SC modes [34]. These 
subtle variations in the packing modes of CD inclusion complexes can be 
attnbuted to the differences in the conformation and molecular nature of the 
induded guest molecules. 
1.3 Introduction to Isostructurality 
1.3.1 Definition of fsostructurafity 
The crystal structure of a given crystalline solid may be assigned to only one of 
the seven crystal systems. to only one of the 14 BravaiS lattices, and to only one 
of the 230 crystallographic space groups [35]. If a particular compound can be 
structurally classified in more than one way, it is said to be polymorphic, In this 
case, the different crystalline forms mayor may not crystallize in the same space 
group. The opposite is also possible - two or more chemically different 
compounds can have their atoms arranged in the same type of crystal structure 
(i.e same crystal system, same Bravais lattice, and same space group) and such 
compounds are termed isostructural [36,37]. 
Isomorphism was first discovered by Mitscherlich in 1819 [38,39], when he 
noticed that certain pairs of salts (e.g. KHzPO. , KHzAs04, etc.) developed the 
same crystalline form [40]. These morphologically similar pairs of salt were then 
termed isomorphous, meaning 'same form'. This term has been applied to 
inorganic and organic compounds, and to describe crystal morphological 
similarities and crystal lattice similarities. To avoid ambiguity, IUPAC agreed on 
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2.2.11 Additional Resources 
In addition to other programs already mentioned, the following computer 
packages were also used in the analysis and presentation of the crystal 
structures 
• PLATON for Windows [22], which was run on Platon for Windows 
Taskbar (PWT) [23], was used to calculate molecular geometric parameters 
and non-bonded interactions together with their associated standard 
deviations (e.s.d.s.l. This program was also used to expand the contents of 
the orthorgonalised unit cells in space group P1 for Iv calculations 
• POV-Ray [24] and Weblab ViewerPro [25] were used to create molecular 
drawings and crystal packing diagrams 
• CS ChemDraw Pro ™ [26] was used for molecule line drawing diagrams 
• ORTEP-3 [27] was used to obtain the signs of the tilt angles (.1 and .... ) by 
viewing the cyciodextrin molecule perpendicular to the 0 4 atoms with the least 
deviation to the mean 0 4 plane, and observing the tilt of each glucose 
monomer with respect to the CD cavity. 
• LAYER [28] was used to examine simulated graphic representations of the 
reciprocal lattice layers in order to confirm Laue symmetries and reflection 
condillons 
Legacy CSD CrystallographiC format (FDAT) files for all cyciodextrin compounds 
and complexes obtained from the Cambridge Structural Database system can be 
found on a compact disc attached to the inside back cover of this dissertation 
Also appended, on the same disc. are crystallographic information files for each 
of the solved structures reported in Chapter 5 of this dissertation. The file names. 











EXf>ERIMENTAL ~ATERIAlS ANP "HHOQS 
Table 2.1 - A list of crystallographic data files found in the disc appended to the 
inside back cover of this dissertation. 
File Extension Contents 
acd.dat 






.hld data containing 
.,1 
.lis parameters such as bond distances, bond angles. torsion 
I hydrogen bonds and intermolecular 


















































































ISOSTROCTVRALITX ~ CYClOOEXTRI~J!&J.USlON CO MPOUNPS: AN UPPAl' 
Table 3.1 - Crystal data for all parent cyclodextrins. The data for new parent CDs are 
highlighted in yellow. The host terminology is explained on page iii. 
~~~~~~ .... ',.... ..... .r,, ·.n r. n, ",','; , ",0 ~ -""". ~ ::: 




DlMEA : P2,2,2, 
'" , 17.241 i 
I 00 9{) TEVCEC 
, ""~~,"~~i':'~' ~~'~ ,,;~ ""'"'o~. 'J' :~~ .• §~~. ~-""'-~: ~P----"'~"'~=~ :~~§~~~l 
'~ -E " ~.H,.oi 12.1Xl! I 17679 31.271 90 90 90 I 
_~.~~.~.EI~ .108 H,O . , 13.328; 17410 29.780 9{) 9{) OO"j"QIYKEO- " 
· I.. I , . 15 H20 i.. 90 90 90 
I , 10.639 1 
1 H,D 14.823 19.382 26.534 90 9{)' TRIMEB I : P2,2,2, 
3 II : mo '" "'! '" 
.=.t""~~.e;: ;~"o I~::: ,: , i;1i·t .:iT"""'~" : ---c~~eo~rn'?·1 .. 
, .!~!."!~-~.~.'-;'o'~';c;-f-:',~,,~"~o'--+~"~'~'~''+-!'~'~O:,"~J'~'"'C'~O+-c''''~t--'''''8.1.~.L . 90 BEBJAT 
; TRIMEGII: P2,2,2, 25HoO 16730 1687~ 32172 90 90 90 GI\NMAA 
· TRiMEGII:P2,2,2, "".5Hc-O 10.788 ·29.D58 ·':i229i'r '··oo' 90 90 XERSI\N _. _ 
• The cumpourJds du not h~ve CSD refG<Jdc5 ~5 Ihey Il~d nul been c~plurL-d on the CSD allhe lime the search 
was conducted. Tile nomenclalure form 2 and lam 3 used here, is tile same as lilal used in the publicalioo 
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ISOSTBLlCTUBALITY OF CYC LOPEXIRIN INC LLlSION COMPOUNDS, AN UPPAl! 
MONOMEB; P2,2,2, 
DIMEB I; P2,2,2, 
DIMEB II; P2,2,2, 
DIMEB III" """Oc_J\_AJeJ 
TRIMEB I,' C"""""''-''J~ U"U 
TRIMEB II; P2,2,2, 
TRIMEB III; P2,2,2, 
MONOB,B; P2, 
TRIMEG II; P2,2,2, 
, 
29 _ .. • 
Figure 3.1 - Computed PXRD patterns of all parent cyclodextrins a-CDs and 












Almost all parent cyclodextrins listed in Table 3.' have the cage"type packing 
arrangements of CD monomers. This is not surprising as water molecules are 
small guests that can be accommodated in monomeric cage packing 
arrangements. Exceptions are u-CD IV. a-CD V. MONOBrB and TRIMEG III. 
The parents a-CD IV. il-CD V have the layer-type packing arrangements while 
TRIMEG lI! crystallizes in channels with CD molecules arranged in a head-to-tail 
fashion along the a-axis. The MONOBrB parent. HAXMUO. is the only dimeric 
parent CD c~ound we have identified so far This dimeric Il-CD parent, with 
bromine atoms attached to all its 0 6 atoms of the primary CD side of each CD 
ring. has a packing arrangement intermediate between the screw channel (Se) 
and the chessboard (CB) packing modes of dimeric p-CD complexes (sections 
1.2.4 and 3.5 give a description of SC and CB packing modes). 
The monoclinic TRIMEG j parent CD, BEBJAT, has four cyclodextrin molecules 
In its asymmetric unit. All other parent cyclodextrins have one CD molecule in the 
crystallographic asymmetric unit, except for the dimeric MONOBrB parent 
compound, which has two 
3.3.1 Isostructura/ity of parent a-CD species 
As has been noted before [2]. ([-CD I and a-CD III demonstrate some degree of 
isostructurality. These two ,,-CD parents belong to the same crystal system 
(orthorhombic), and have similar unit cell parameters and identical space groups 
implying that they should have similar packing arrangements. The packing 
arrangements of cyclodextrin molecules in these two a-CD parents are both of 
the herringbone cage type. with slightly different orientations of their CD rings so 
that thelf crystal strLlCtures are non-superimposable (Figure 3.2). In addition, 
these compounds display a significant difference of 3.5 A in one of their unit cell 
lengths, the b-axis (Table 3.1). which is enough to result in the two crystals 
diffracting at different angular positions so that the PXRD diffraciograms of these 












iSOST8J.J<::IURALITY OF CYCLOO EXTRIN INCLUSION COMPOUNDS; AN UPDATE 
(., (b, 
Figure 32 - Comparison of crystal packing diagrams of ({-CD I (on the left of each 
comparison pair) and a-CD HI (on the right of each pair) forms Projections are made down 
the a-axis (a). down the b-axis (b), and down the c-axis (c). ~
-
We further calculated n (the unit cell similarity index) and the Iv (volumetric 
measure of isostructuralily) values of these two ,,-CD forms to be 00491 and 
58.6 % respectiv~y (Table 3.2) The reader is referred to Chapter 1 (section 1.4) 
for definitions of I I and Iv. These values further emphasise that the two forms are 
not strictly isostructuraL For highly isostructural compounds, we have found n 
values between 0.000 and 0.005 and Iv values above 90 % (Table 3,5). We also 
mentioned in Chapter 1 that although n should be practically zero for highly 
isostruclural compounds, n values of 0,001 - 0,03 are typical. The I. value of 
58.6 %, which is found between (f.-CD I and ,,-CD III is not surprising as the two 
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The relatively high value of A (= 1.664) in Table 3.2 implies that there exist 
differences in the cell shape distortions of the two structures . 
. _'!~~.[) II and RAMEA--i~IO:) ~IL~' ;1 ~ro:().oJ~]1~'~Lr"r78~w8~~t~it~ 
DIMEA and TRIMEA 0.02R 0.029 IUXIJ 22.7 95.4 
Similar to the above example of a-CD I and Cl-CD 111, a-CD 11 and RAMEA 
(6A,6C,6E-tri-O-methylcydohexaamylose) are Isostructural to some extent. 
Several peaks in the X-ray powder diffractograms a-CD 11 and RAMEA appear al 
identical positions (Figure 3.1), and there is apparently little difference in their 
crystal packing diagrams as shown in Figure 3 3. A clue suggesting that the two 
parent cyclodextrins might be isostructural to some extent is seen on the close 
matching of their unit cell parameters, with the maximum difference between the 
corresponding cell dimensions (c in this case) being only 1.05 A (Table 3.1). The 
calculated isostructlXal indices of a-CD Jl and RAMEA in Table 3.2 reflect these 
findings. The n value is within the acceptable range and the Iv value indicates 
















ISQ"M'NBI!!.!JY Of 1;~c;t.QQEIII!Ii I~LUS'ON I;OI!!P9\JNDS AN UPQAlf 
(e) 
Figure 3 3 - Hemngbone cage packmg arrangement 10 a -CD nand RAMEA a-CO 11 IS on 
the teft of each c:ompaflsoo pa:r while RAMEA IS on the righL PrOjectlOOs are made down 
the a-axis (2), down the b-IDCI!. (b) Oind down the c-a. ,s (e). 
The anhydrous parents of «-CD derivatives, OIMEA and TRIMEA exhibit some 
degree of IsosllUcluralily Their unit cel l parameters are Similar and they share a 
common space group as shown in Tab~ 3 1 However, careful examination of 
their packing diagrams shows that the CD molecules are not arranged in the 
sarre way Wlthm lt1e u~t cells of lt1ese two aystal fOfms Although they both 
resemble lhe cage-type pacl<JIJg arrangement, eydodextrin molecules occupy 
different pOSitions (i.e have distlOctIy different atomic coordinates) and are 
orientated differently within their respective ullil cells Thus a very low Iv value IS 
obtained on comparing DIMEA and TRIMEA (Table 3.2). PXRD traces of the t\vo 
C:OflllOunds show a high resemblance, bul the PXRD pattern of TRIMEA Is 
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parent CD compound has a larger unit cell volume than the latter. Because 
DIMEA and TRIMEA have similar unit cell parameters. the indices IT and r.A in 
Table 3.2 are low 
3.3.2 Isostructurality of parent {+CD species 
In parent j\·CD COf1l)ounds, TRIMEB II and TRIMEB III are isostructural They 
have nearly identical unit cell parameters and they share a common space 
group, The crystal packing diagrams of TRIMEB II and TRIMEB III are 
superimposable down all three orthogonal axes, PXRD traces of the two 
matched very well, and more precisely so, at low 20 values (Figure 3 1). At high 
2fl values, the corresponding peaks of TRIMEB II are found to be shifted slightly 
(by ca 1") to lower 28 values relative to TRIMEB III, in keeping with the larger unit 
cell volume of the hydrated species The two structures have been reported as 
isostructural [8] 
Regarding the other p·CD parent derivatives, there is some similarity in the unit 
cell parameters of the species belonging to the orthorhombic space group 
P2 12,2 1• This unit cell similarity exists amongst dimethylated CD derivatives, 
amongst trimethylated CD derivatives and between each. including the 
monomethylated fJ·CD parent However, these compounds display distinct PXRD 
traces (Figure 3,1). 
To investigate this further. crystal packing diagrams of these compounds were 
compared. The arrangement of cyclodextrin molecules IS found to be different. 
especially for CD derivatives with relatively large differences in their unit cell 
parameters. For brevity, only one case is illustrated here (Figure 3.4). The 
chosen example is that of a non·isostructural pair that has the closest match of 
the unit cell parameters, with the maximum difference between the 
corresponding cell dimensions (c in this case) being 1,51 A. Both MONOMEB 













Although the cofT1)lele disorder of two adjacent glucose monomers In DIMES I 
makes the co~rison of rhe proteCted crystal pao..ng diagrams dIfficult the CO 





Figure 3.4 - ProjectlQllS of crystal packing diagams of MONOMEB and DIMEB I 
MONOMEe is on the left of each compariSon pair while DIMEB I is on the right. Projections 
are made down the a-axis (a). down the b-axis (b) and down the c-axis (e) 
---
A silTl"e tr;:mslation. Of the introduction 01 an allowed symrretry opeHJlioo o does 
nol result in lhese two structures being supelimposabla. The herringbone °t,l t" of 
the cyc\Odexlrin molecules In the pacl<ed crysta l structures of the two is different 











3.3.3 /sostructurality of parent r-CD species 
The four ·/·CD parents are not isostructural with each other as they have 
dissimilar unit cell parameters. display distinct PXRD traces and have different 
crystal packing diagrams 
3.4 Isoslruclurality in a·CD Inclusion Complexes and in Complexes of 
the Methylated ((-CD Derivatives 
Organic inclusion complexes of a·CD and a-CD derivatives were searched as 
described in Chapter 2 After data reduction (i,e, after the elimination of reo 
determinations ard the exclusion of structures with an R factor exceeding 0.15), 
the complexes were then grouped into isostructural classes, as described in 
Chapters 1 and 2, from which average PXRD patterns were calculated Crystal 
data for isostructural series of compounds of the a-CD type are listed in Table 
3,3 and the corresponding averaged X·ray powder diffractograms are shown In 
Figure 3 5 
We note that the existing isostructural series have increased in number 
compared to the last survey [2]. Additional isoslructural series were also 
identified during this update. To accommodate these changes we have 
introduced a more flexible numbering scheme in which an isostructural class of a 
native a-CD complex is designated A'x' (where 'x' is the series number) while an 
isostructural class of complexes of a derivatised a-CD is designated AD'x' 
(where 'x' is the isostructural series number) In this way, newly identified CD 
complexes comprising a class of theK' own can be easily incorporated into the 
database by simply incrementing x by 1 for each new entry, in either the Ax or 











Table 3_3 - Crystal data for a-CD complexes ood for complexes of methylated a-CDs, 
categorised Into isostructural series! classes_ Series AD1 comprises complexes of the DIMEA 
exclusively while series AD2 comprises complexes of the TRIMEA only The data for new 
isostructural series are highlighted in yellow_ 
A1 : P2,2,2, 
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Figure 3.5 - Average computed PXRD reference pattems of isostructural 
organic inclusion complexes of a-cyclodextrins The diffractograms shown here 
are the average patlerns for each isostructural series_ 
As the guest is the ooly chemically different entity within each class. the extent of 
isostructurality within each series was evaluated wi th respect to the guest type 
Thus, as shown in Table 3.3. ,,-CD inclusion complexes with water only as guest 
molecules have been found to be isostructural not only with a-CD complexes of 
small organic guest molecules (serres A1) as previously found [2], but 
interestingly also with a-CD complexes cootaining predominantly phenolic guests 
(series A4) As the main requirement for two or more compounds to be 
isostructural is that they should have very similar arrangements of their unit cell 
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As usually found for a-CD complexes of small organic guest molecules, senes 
A1 has a cage-type packing arrangement Organic salt inclusion complexes 
comprise series A2 with a head-to-tail channel-type packing arrangement The 
preference of organic salt Inclusion complexes to form channels or channel-like 
structures has been noted (Chapter 1). 
Complexes of series A3 also have a head-la-tail channel packing arrangement 
The channels in series A2 are down the e-axis and CD molecules approximate 
the brick arrangement when crystals are viewed down either the 8- or the b-axis. 
In series A3, channels are down the 8-aXlS and CD molecules approximate the 
layer type when crystals are viewed down the b- or the e-axis. Series A3 and A4, 
which are not isostructural with each other, are dominated by the phenolic guest 
compounds and it is interesting 10 note that p-fluorophenol and p-cresol fall under 
series A3 while other p-halophenols are under series A4. Series A4 has a layer-
type packing arrangement with CD molecules forming layers on the 8e-plane. 
A new, additional series that is not isostructural with any of the existing classes, 
series A5, has been discovered in this survey. This series was generated as the 
compound XIGBOE, which appeared after the last IsoPXRD update, has been 
found to be Isostructural with the known complex ZASYOH. Of the natural ,,-CD 
complexes in Table 3.3 and Figure 3.5, series A5 is the onty one in which CD 
molecules are dimeric The CD dimers in series A5 pack in infinite head-to-head 
channels parallel to the c-axis, with continuous layers cutting through the 8- and 
b-axes. The guests are of small but different molecular sizes. 
With regard to the O-methylated CD derivatives, series AD1 comprises organic 
inclusion complexes of the host DIMEA exclusively while series AD2 comprises 
organic inclusion complexes of the host TRIMEA only. Complexes of series AD1 
arrange in monomeric cage-type packing and contain small organic guest 











ISQ5JR\lCJlJRALITY Qf C'fClODPTRIN INC'USION <::",MPOUN.DSo AN U"DAT~ 
benzenes as guest molecules and pack in monomeric head-to-tail channels 
parallel to a 
We note that the two recently reported [2]rotaxanes of (l-CD (as the rotor) and 
stilbene derivatives (as the axle), with 2,4,6-trinitrophenyl substituents on both 
ends of the axle as the capping groups [9], display a limited degree of 
isostructurality. Their PXRD patterns are almost Indistinguishable from each 
other, as shown in Figure 3_6, and they both have a cage type packing 
arrangement. The two complexes have superimposable crystal stackings down 
both the a- and the b-axes, but the relatively large difference in their monoclinic 
I}-angle (Table 3.4) results in the crystal stacking along the c-axis being different 
in the two structures. Although both complexes are monomeric. INUPEM has two 
complex units in its asymmetric unit while INUPAI has one such unit, resulting in 
the c-axis of INUPEM being double that of INUPAI Since these two complexes 
are not completely Isostructural, and thus cannot comprise a series, their 
diffractograms were not averaged. 
a high degree 
INUPAI : P2, 13427 17.813 18.448 00 '"' 00 
INUPEM : P2, , 
, 
17.6>14 35.77() 00 : 95 1 00 , I 13.429 
I MelharlQ , 
: P2,2,2, 23.450 14.636 ' 21.637 00 00 
I RACVIAn1: 
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INUPAl' __ -'L~ ~U 
QOYl~V 
RACVlA81 
, " " 2e' ----+. 
:------::::--- ----- -
Figure 3.6 - Computed PXRD traces of some a-CD complexes demonstrating a 
high degree of isostructurality and those exhibiting a lower level of Isostructurality. 
We also report the two complexes we noted that demonstrated a high degree of 
isostructurality although they crystallize with different lattice types in the 
orthorhombic system. As shown in Table 3.4 and Figure 3.6, these a-CD 
inclusion complexes, QQYLEV (in space group P2,2,2,) and RACVIA01 (with 
space group C222,), have nearly equal unit cell dimensions, with a maximum 
difference of 0.5 A in one of their corresponding unit cell edges, and have very 
similar X-ray powder diffractograms_ The general shift of peaks to lower O-values 
for RACVIA01 is consistent with its longer unit cell Furthermore, and as shown in 
Figure 3.7, these two isostructural TRIMEA complexes are virtually 
indistinguishable from their crystal packing diagrams. Besides their possession of 
different space groups, the two complexes can be taken as isostructuraL The 
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(.) 
(0) 
Figure 3.7 - Projections of crystal packing diagrams of TRIMEA complexes with a high 
degree of isostructurality but with different space groups of the same crystal system 
OQYLEV is on the left of each pair 1Nhile RACVIA01 is CH1 the right ProjectiCH1s are made 
dovm the a-axis (a) down the b-axis (b) and down the c-axis (e) 
Since isoslructurality indices have not, to our knowledge, been employed 
previously to assess isoslructurality quantitatively for CD incJusion complexes, it 
was decided to investigate the merits of doing so in this work. To evaluate the 
level of isostructurality within a class, isostructural indices were computed for 
series A1, chosen as a representative example, and the results are in Table 3.5. 
Pairwise comparison of five complexes yields ten sets of indices. Unit cell 
similarity indices in members of this class are practically zero and the Iv values 












Ta~e 3.5 - Isostructural indices within series A1.Unit cell similarity indices are 
recorded to t!Tee decimal places and I-,- values are recorded to three significant 
For simplicity and due to the level of complication that can be encountered m 
these types of calculations, we selected one series as an example but similar 
values can be assumed within each series since the averaged PXRD patterns, 
as well as the matching of crystal packing diagrams, were in good agreement 
within all series reported in this dissertation. We conclude that the computation of 
isostructurality mdlces is a very useful complement to the PXRD patterns in 
providing a more comprehensive description of isoslructurality In CD indusion 
complexes. 
3.5 Isostructurality in Complexes of Natural B-cyclodextrin 
As was done for a-CD inclusion complexes, the data for B-CD complexes were 
screened for re·determlnations and for the R factor limit of 15 % The 
isostructural series numbering scheme proposed in the preceding section, 
section 3.4, IS also applied here Thus the previous series 7 In ref. [2] is replaced 
by the numbering B1, and the rnd series 8 is now 82, and so on Complexes of 
the methylated ~·CDs_ as well as those of ~·CD derivatives With substituents 
other than methyl, are designated by the prefix BD followed by the series 
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the correspOlldlng PXRD patterns are In Figure 3.8, The data and PXRD traces 
for complexes of p-CD derivatives are in Table 3 8 and Figure 3 11 respectively. 
Table 3.6 - Ciystal data for complexes of natural Il-cyclodextrin forming isostructural series The 
data for new isostructural series (i,e not reported previously) are highlighted in yellow . .... "n : ,n fIUCOCIe 
81 : P2, 
82 : P2, 
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15.411 
18207 15510 15280 
87: P1 
18.310 15.510 15.310 
18.153 15458 15251 
18242 15.492 
, 
88 : C222, , 
89 : P2, 
t For brevity. water has been omitted as a guest except for parer>! CD complexes, shown in bold 
l Unit c .. 1 vedo,,; trallsfarmed to obtain the reduced 001 parameter,;_ 
"The oompourlds have not been submitted to the CamMdge Crystal!<>!Jraphir. D~tar.entre yet Tne abbreviations 
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B' _--1I---''----'LAJ 
B' __ -: 
B5 _---' U~!LI""'fVJ 
B6~ 
BS _---'':-' V 
B9 _---' V VIfU 
o • 
29°----->. 
I Figure -3S-- Computed reference X-ray powder diffradograms for series of 












ISOSTRUCTURALITY Of cyC40P~X-mIN INCJ.U~~N COMPOUNDSC A.N UPI;I-,~I.E 
Most of the new complexes captured were found to be isostructural with the 
existing classes, in particular with series 81, 86 and 87, as indicated in Table 
3.6 A few of the new entries were not found to be isostructural with any of the 
known series, However, two additional isostructural series, 85 and 810, 
emerged from this survey, 
Series 81 to 83 cOl'T1lrise the rronomeric rl-CD complexes while series 84 to 89 
represent dimeric rl-CD complexes, Comp'exes comprising series 810 are 
monomeric with two CD molecules, in a head-to-tail orientation, comprising an 
asymmetric unit 
Complexes of series 81 have the herringbolle cage packing arrangement of 
rronomeric CD molecules. This series is dominated by organic guest rrolecules 
of small and mtermediate size and is the only natural fl-CD series isostructural 
with the parent cyclodextrin. It is noteworthy that the large cavity of fl-CD, relative 
to a-CD, results in the former being able to accommodate guest rrolecules as 
large as linear compounds of five-carbon chains and some phenyl compounds in 
rronomeric cage packing arrangements (Table 3.6). 
Complexes of series 82 have a similar packing type to complexes of series 81 
but the relatively large difference in the rronoclinic I)-angles of the two series 
slightly alters their cage packing arrangements so that the crystal packing 
diagrams of the two are non-supenmposable. Thus the two series are non-
isostructural as has been recognised previously [2]: hence they have distinct 
PXRD traces as seen in Figure 3.8. Series 82 contains medium-sized guest 
molecules, comparable in size to the guest rrolecules of series 81. 
Series 83 contains complexes with guests of different molecular sizes that 
crystallize in monomeric layers perpendicular to the b-axis, No new complexes 
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The dimeric Il-CD series, series 84 to 89 are dominated by a variety of loog 
chain (up to 14 carbon atoms). large cyclic and polycyclic organic guest 
compounds in contrast to the relatively small guest compounds of the monomeric 
Il-CD classes series 81 to 83 and 810. The II-CD dimers of series B4 to 86 
have the channel type (CH) packing arrangement, series 87 has the intermediate 
(1M) packing arrangement, series 88 has the chessboard (e8) packing mode, 
while dimers of series 89 have the screw channel (SC) packing mode. These 
dimeric packing arrangements have been described in Chapter 1 and their 
details and isostructural implicatioos can be found elsewhere [1,1 OJ, 
The newly emerged isostructural series, series 85, has a channel type packing 
arrangement as do complexes of series 84, but the large differences in the 
triclinic (1 and II interaxial angles between the two series make the slacking of the 
dimeric channels different in the crystal structures of the two. Thus the two series 
are non-isostructural and have distinct PXRD trac s as shoWll in Figure 3 B. 
Isostructural series 810 is the second additiOl1al series that has been captured in 
this update of the IsoPXRD method. This series comprises organic sail inclusion 
complexes that were prepared by the author and whose crystal structures are 
reported in detail in Chapter 5. The two complexes of this series have identical 
organic anions as guest molecules. differing only in the nature of the metal 
counterion. The monomeric Il-CD molecules of the two complexes of series 810 
pack in anliparallel head-to-tail screw channels along the c-axis. This series is 
not isostruGtural with any of the known series and Ihus has a unique average 
PXRD pattern as can be seen in Figure 3.8 
Because complexes of series 84, 85 and 86 all pack in CH mode, characterised 
by head-la-head channel slacking of dimeric ~-CD molecules along c, varying 
only in the nature of the dimeric channels, their PXRD traces are not as distinct 
from each other as are the traces of other series (Figure 3.B), In fact. the PXRD 
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senes 86 This near coincidence of average PXRD patterns of series 84 and 86 
can be explained by the near superposition of their lattice points, sum that a 
triclinic unit cell (in series 84) can be chosen to fit the monoclinic C-Iattlce points 
(of series 86). There also exists a twofold symmetry operator (a crystallographic 
diad, C2) passing through the dimer interface of complexes in series 86 that is 
approximated by a pseudo-twofold symmetry operator in the ~"CD dimers of 
series 84. This subtle structural relationship also explains the previous 
misclassification of some complexes, ego SOBHUM and SOBJEY [11] under 
series 84, whereas they genuinely fall under series 86 as SOBHUM02 and 
SOBJEY02 [12]. 
Another close correspondence of averaged X-ray powder diffractograms exists 
between complexes of senes 88 and 89, with PXRO traces of the two series 
differing largely in peak relative intensities with only a few differences in their 
peak angular positions (Figure 3.8). The orthorhombic complexes of series 88 
have the chessboard (C8) packing arrangement, while the monoclinic complexes 
of series 89 pack in screw channels (SC). The close resemblance between 
PXRD traces of series 88 and 89 can be explained by the observation that some 
complexes with a SC packing mode can exhibit a shift of layers along the ac 
plane to an extent that they approximate the C8 packing mode. (This 
phenomenon is discussed with illustrations towards the end of this section). It 
has also been noted that a simple lattice transformation of the primitive 
monoclinic cell of series 89 yields a C-centred cell with dimensions very similar 
to those of the cell for series 88 [2] 
Variations in the triclinic interaxial angles of dimeric P1 ~-CD complexes are 
likely to result in more isoslructural series of the CH packing mode being 
generated in the future. This is exemplified by the new isostructural series 85 
that has been identified from the present survey and by the existence of a non-
isostructural compound, TAFZEG (Table 3.7), whose unit cell dimenSions closely 
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angles relative to series 85 Thus TAFlEG, although possessrng a distinct 
PXRD pattern, has some of the peaks appearing at similar angular positions to 
series 85 (compare Figures 3.8 and 3.9). Whereas cOfTlllexes of series 85 pack 
strictly in CH mode, the dimeric CH packing arrangement of TAFZEG assumes 
the 1M packing mode, resulting in half-blocked channels along the c-axis. 
!Table 3,7 Crystal data for II-CD complexes with subtle deviations 
t Agaill, water has been omitted as a guest molecule for brevity in presentation 
We have identified one complex with ullit cell parameters very similar to those of 
series 86, the only difference being about 5° in the I'I-angle. This complex, 
MASBAJ (appearing in table 37) has dlmeric B-CD molecules shifted with 
respect to each other so that the channels down the c-axis are concealed, as in 
1M mode, in contrast to infinite channels that occur in complexes of series 86. 
Thus the PXRD trace of MASBAJ is unique with only a few peaks matching those 




















Figure 3.9 Computed PXRO traces of poCO complexes with slight variations of 
their unit cell parameters andlor crystal packing diagrams so that they are not 
fully isostructural with the established isostructural series. 
The monoclinic screw channel (SC) packing of ('I-CO dimeric complexes is 
another packing arrangement likely to generate more isostnJCtural series in the 
future. This packing mode, characteristic of complexes of series 89 and of 
complexes that are variatioos of this series (QACXEX and BEGWEQ in Table 
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form layers along the a- and the c-axes. Depending on the location of the 
structural motif relative to the 2-foid screw axis parallel to b. the successive 
dimeric layers can be shifted with respect to each other resulting in different 
channel packing modes [13] as shown in Figure 3.10. Thus QACXEX and 
BEGWEQ possess the SC-type packing, an arrangement found in complexes of 
series B9. while KIFPAQ has the CB packing mode (which is characteristic of 
complexes belonging to series B8). This subllely in the isostructurality of the 
mentioned compounds has also been noted elsewhere [13] and is darified in the 
next paragraph. 
! Figure 3.10 - (010) projections of crystal 
1_ QACXEX (B). BEGWEQ (C) and KIFPAQ (D) 
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Shown in Figure 3.10 is a complex, GETPAW (A), representative of isostructural 
series B9, with a typical SC packing of j1-CD dimeric layers, viewed down the 
screw channels parallel to b. A slight shift of these layers parallel to the ae-plane 
results in the slightly different SC stacking found in complex QACXEX (B), which 
is oot isostructural with complexes of series 89. These layers can be shifted 
more, so that the j1-CD dimeric overlaps in successive layers become even 
smaller (e.g. BEGWEQ (Cl). or negligible (eg in KIFPAQ (D)). As shown in 
Tables 3.6 and 3.7. ali these complexes have nearly identical unit cell 
parameters, which are also very similar to those of series 89, and consequently, 
show sorre similarity in their PXRD pattems. 
The two coincidental matches of PXRD traces of series B4 with 86 and series 
88 with 89 are noteworthy as the involved series are, by definition, not 
isostructural. The knowledge of the correct crystal system of a newly prepared 
complex, belonging to any of the series 84, 86, 88 or 89, may be required for its 
unambiguous assignrrentto an isostructural class If single crystals ofthe newly 
isolated complex are not readily available for determination of the Laue 
symmetry. these coincidental matches may limit what can be said about the 
crystalline phase of a newly prepared complex using the IsoPXRD technique 
alone. 
3.6 Isostructurality in Complexes of (i-CD Derivatives 
Turning to the complexes of derivatised j1-cyclodexlrin, we have identified six 
new isostructural series in addition to the previously reported classes [2], half of 
which are due to the unusually derivatised [i-CDs forming classes of their own 
The existing two isostructural series (series 15 and 16) [2] are replaced by the 
numbering 8D1 and 8D3, respectively. Two complexes, PABNEM and PINMAA, 
were each found to be isostructural With the existing classes. The data for 
complexes of derivatised ~-cyclodexlrin demonstrating isostructural behaviour 
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COfl1)le.xes oo~sing sones BD1 are organic inclusion COfll)lexes of the host 
DIMES exclusively. W1 lh highly isometric guesl molecules 01 ha!ophenyl 
d9f!valJves, thai cryslallize !n a cage4ype packing arrangemenl Senes B03 is 
exclusively made up of TRIMEB compleJlE!s, with a lalge variety In guest SIze and 
shape. that pack in antl -parall~ head·to-tail channels along the a·axls . 
Table 3.8 - Crystal data for isostructurel complexes of common deflvallves of jJ-CD and several 
novel !J-CD derivatives. The data for new isoslructural senes are highlighted in yellow 
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I Figure 3_11 - Computed reference PXRD traces of complexes of common 
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Series B02 comprises the unusual CD derivatives packing in anti-parallel head-
to-tail screw channels along the a-axis with the organic substituent inserting into 
the secondary face of the neighbouring CD molecule. PXRD traces of 
compounds of series B02 with highly Isometric substituents on atoms 0 6 
(LED ROB, LEDRUH, BEDKAX) matched more closely with one another than 
they did with the rest of series B02 compounds, although all members of this 
series are isostructural. Novel ~-CD derivatives. comprising series B04. have the 
cage type packing arrangement 
Two parent cydodextrin hosts, MONOMEB and DIMEB III (described earlier in 
section 3.3). were found to be isostructural with their respective inclusion 
complexes XERTAP and NITSIS, both of which contain small organic guest 
molecules (Table 3.8). Consequently, two new series, BOS and BOS were 
created. Both series are characterised by cage-type packing arrangements. 
Cages of series B05 are arranged in a different pattern from those of series 
B06, hence the two series have distinct PXRD patterns as shown in Figure 3.11. 
Series B07 comprises an inclusion complex of 2,3,6-tri-O-acetyl-~-CO with 
methanol {ICUFAN} and the host compound 2,3,6-tri-0-propanoyl-~-CO (IGUFIV) 
with no guest molecule, both of which crystallize in head-to-tail channels along 
the a-axis. BOS is one of the series with unusual Ii-CD derivatives and has the 
cage-type packing arrangement. 
The first three series (B01 to B03) differ in their unit cell edges by 2.3 A in a, 
3.6 A in b and 1.7 A in c, in the extreme cases. Furthermore, these series belong 
to the same crystal system (orthorhombic) and possess a common space group, 
P2,2,2,. As mentioned earlier, crystal packing arrangements in the three series 
are different and they have distinct PXRO patterns as shown in Figure 3.11. This 
behaviour was investigated for other compounds that were found to be non-
isostructural with one another and non-isostructural with any of the known 
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each other or resemble one of the currently known isostruclLxal series. The data 
for the analysed CO compounds are in Table 3_9_ 
---_.- --_.-
Table 3.9 - Crystal data for some poCO inclusion complexes and poCO derivative compounds 
demonstrating limited isostructural behaviour 
, 
, - - ' ! .... I .... , ccAI r.ft .n ,n _CCGI : 801: 2-Naphtho.::: acid 15463 i 18.922 27.852 1 00 '0 00 WAGIIANQI I P2,2,2, 
I 
-_.-
I 6A,6B-Didooxy-6A-(p- , 
m ethyl benz y It 00·6 B-ph e nyH h io· 14.464 ' 17.337 29388 00 "' 00 RABZIE I~-CD 
144141 
B02: ------------
; P2,2,2, 5-Deoxy-6", 1-n-propyiamirlo)-j:I-CD • 19377 26997 00 00 00 SUYLAZ 
S-Den xy --6-N-( N' -{ d i meth yamin a- , 
1-na pht 11 a I e neSu If a ny I)dia mi no- 15.881 17.801 27_293 1 00 " 00 TAIXiOU I elhaOO)-]!-co. l 
I - --1 
" 
BD3: m-Iadophenm 15.669 20.798 ' 25.486 00 00 00 GELKEN10 
.~ . . ,' -_. 
P2,2,2, Water 14.823 19.382 26.534 " " " HEZWAKOl 
,. 
, B04. 16-Deaxy-6-(2-(Diphenyl-
tl ~'='="="",::::::::-I ,,,,~o.SPh~n_D)_ethYte!1ethioHl-CD I 
14,9681533131808 90 I 90 90 I MEYHON 
For brevity_ water has been omitted as a guest ~ecule excepllor CD complexes shown in bold 
• Not a host-gl/est complex but a denvalised ~-CD in which one or more 01 the primary hydroxy! groups has (have) 
t>een replaced by 0,.,., or more bulky arganic substituentl Sl 
The OIMEB naphthoic acid inclUSion COrTl'lex, WAGHAN01 in Table 3,9, has 
similar unit cell parameters to OIMEB complexes comprising series BD1 (Table 
3_8) and has a similar type of crystal packing as series B01_ However, close 
inspection of the packing diagrams of WAGHAN01 revealed that it is not 
isostructural with complexes of series BD1, as the relative orientaTIon of the 
cyclodextrin molecules in each case IS different. Thus the PXRD trace of 
WAGHAN01 resembles that of series B01. with only slight and undirectional shift 
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A few unusual ~-CD derivatives have unit cell parameters approximating those of 
similarly derivatised ~-CDs in series B02 These compounds, RABZIE, SUYLAZ, 
TADGOU and series B02 complexes are all characterized by screw channels 
modulated by one of the screw axes of the space group P2,2 12,. Depending on 
the direction of this screw axis, the propagation of the channels may be different 
The channels of series B02, RABZIE and SUYLAZ vary slightly, but those of 
TADGOU appear totally different from the rest Consequently, although all the 
stated compounds are non-isostructural with each other, the PXRD trace of 
RABZlE resembles the average trace of complexes in senes B02 at lower 20 
values « gO), while the trace of SUYLAZ resembles that of S02 at higher 2fl 
values (20 > 18") 
By the same argument as in the above case, the screw channels characteristic of 
TRIMEB complexes of series B03 can be distorted to an extent that they 
approximate the cage type packing arrangement Thus GELKENIO has a 
packing arrangement intermediate bel'Neen a screw channel and a cage type 
while HEZVVAK01 has a cage type packing arrangement. The two complexes, 
although possessing approximately matching unit cell parameters and sharing a 
common space group, are non-isostructural with each other and are non-
isostructural with series B03. As a result, these complexes diffract X-rays 
differenlly, and differently from complexes of series B03; hence they have 
distinct X-ray powder dlffractograms as shown in Figures 3.11 and 3.12. 
MEYHON in Table 3 9 has unit cell parameters matching those of similarly 
derivatised ~-CD compounds of series B04 in Table 3.8 but the relatively large 
substituent in MEYHON results in a cage packing arrangement that is slightly 
different from that of compounds comprising series SD4 so that it is non-
isostructural with this series. The consequence of similarity in unit cell 
dimensions is that the PXRD trace of MEYHON matches closely that of series 
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Figure 3.12 - Computed PXRD traces of B-CD inclusion complexes and f)-CD 
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Two sets of TRIMEB organic indusion complexes, one set orthorhombic and the 
other monoclinic, each set With closely matching unit cell parameters and sharing 
a common space group, were encountered (Table 3.10). The complexes in the 
first set (space group P2,2,2,) would be expected to be isostructural, as would 
the complexes in the second set (space group P2,). 
; Table 3.10 - Crystal data of non-isostructural TRIMEB organic inclusion complexes with very 
i similar unit cell parameters and sharing common space groups. 
'Again, water has been "fmtled a, 3 000'1 molec Li e for Ixevily 
In the orthorhombic set, CD molecules of both QOYLIZ and XAQJII pack in head-to-
tall channels down the a-axis, However, the relative orientation of CD molecules in 
each structure is different, so that the channels of the two structures do not appear at 
identical positions. The two orthorhombic TRIMEB inclusion complexes are therefore 
not fully isostructural and as such cannot comprise a series. Except for two peaks with 
relatively small intensities (one at about 2tl '" 6° and the other at about 20 '" 7.6°) that 
are present in the PXRD pattern of QOYLIZ and not present in the PXRo trace of 
XAQJII, the two complexes could easily be misclassified as isostructural (Figure 3.13). 
In the other set (monoclinic), the two TRIMEB inclusion complexes, as convincingly 
isostructural as they might appear on matchmg of their PXRD traces and cell 
parameters, have different orientations of their CO rings such that the complex 
ASIQOI forms channels along the a- and the coaxes while the other cOrJl}lex ASIQUO 
has head-to-tail anti parallel channels along a, with layers parallel to the be-plane 
Although possessing dosely matching X-ray powder diffractograms, as shown in 
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QOYLIZ~~~,U ,~ 





Figure 3_13 - Computed PXRD patterns of non-isostructural TRIMEB orgallic 
inclusion complexes with similar Urlt cell paraneters 
3.7 Isostructurality of Gamma Cyclodextrin Organic Inclusion 
Complexes and Their Derivatives 
No new isostructural series were discovered for -(-CD and its derivatives. Thus 
the data for -(·CD indusion complexes are the same as previously reported [2]. 
with old series 17 now designated G1_ Crystal data for organic indusion 
complexes of the y-CD type comprising this isostruclural class are listed in Table 
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, 
i Table 3.11 - Crystal data for isostructural 'I-CD inclusion complexes 
..... I -, .... .... .... .1'1 ,1'1 .1'1 Mile • 
Methanoi , 23 808 ' 23,808 23,140 90,0 I "" 000 NUNRIX ! , . _ .. , G1: P42,2 i 1-Propanol 23,840 23,840 23.227 00,0 000 M,O! SIBJAO , ' " 
: 1-Propanol 23,809 ' 23809 23207 000 000 00,.0 I SIBJ.ES ._- , 
, Water has wen .omitted as a g"",t m~ec"1c fur breVity 
G' 
Figure 3.14 - Average computed PXRD reference pattern for isostructural 
complexes of series G1. 
They-CD inclusion complexes collllrising series G1 contain small organic guest 
molecules and crystallize in channel-mode in the tetragonal space group P42,2. 
The propan-1-ol complexes, SIBJAO and SIBJES (Table 3.11), differ slightly in 
their water content (by 0.12 water molecules per formula unit) The data for these 
two 'I-CD inclusion complexes were collected from crystals of different 
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CHAPTER 4: APPLICATION OF THE ISOPXRD METHOD TO KNEADED 
SAMPLES OF SALICYLIC ACID DERIVATIVES WITH CYCLODEXTRINS 
4.1 Introduction 
In this Chapter, Ihe author intends to demonstrate the use of the IsoPXRD 
method, whose recent update appears in the previous chapter, versus the 
traditional method of CO complex identification using PXRD, A group of three 
related drugs has been selected for this study. The selected drugs are the 
salicylic acid derivatives, namely aspirin, salicylamide and sulfasalazine, which 
are well known therapeutic agents in particular as analgesics (pain-killers). 
antipyretics (fever-reducers) and as anti-inflammatories [1]. 
Aspirin, chemically known as 2-acetoxybenzoic acid or acetylsalicylic acid, has a 
low aqueous solubility - I.e. 1 g dissolves in 300 ml of water at 25°C (0.3 % or 
3 mg/ml), In addition, this drug spontaneously hydrolyses into salicylic and acetic 
acids in moist air, according to the reaction scheme shown in Figure 4.1. Aspirin 
inclusion in cyclodextrin in order to stabilise it and ilTlJrove its solubility in 
aqueous media is therefore desirable 
- + • H,O 
~Oll 
(.) (b) (0) 
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Aspirin is the most widely studied of the three drugs and attempts have been 
made to co!Jlllex it with cyclodextrins [2-4]. A crystal structure of an inclusion 
complex of aspirin with p-cydodextrin has also been reported [5]. However, the 
deacetylation, or hydrolysis, of aspirin (as shown in Figure 4.1) occurred during 
the preparation, so that the crystal structure turned out to be a quaternary 
complex of aspirin, salicylic acid, water and rl-CD. 
Salicylamide, chemically known as 2-hydroxybenzatTJide (see Figure 4.2), also 
exhibits low aqueous sojubllities both at room and physiological temperatures. 
This drug has a 0.2 % (2 mglml) water solubility at 30 "C and this increases to 
0.8 % (8 mglml) at 47°C Sulfasalazine, or 5-[P-(2-pyridYisulfamoyl)phenylazo]-
salicylic acid (Figure 4.2), on the other hand, is practically insoluble in water [I]. 
~'\'yC 
j . ~ 
(A) 0/ 
~ , 
(6) o-!-~ N= N - II , 
"' 
" I 
(e) C~ ~ 
f _F"-ii 
'" 
j N= fJ 
,~ 
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Figure 4.2 - IUPAC line drawings for the chemical structures of salicylamide 
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method is based on the assumption that the PXRD trace of the kneaded material. 
if different from that of a physical mjxture and that of at least one of the starting 
materials, is probably not representative of a new phase of any of the starting 





Physical mixture [H +G] 
Inclusion Complex [HG] 
Figure 4.3 - PXRD traces recorded for the identification of all aspirin_D_CD 
inclusion complex 
Also noted is that the PXRD trace of the prepared complex does not match that 
of the reported crystal structure [5] of a quaternary aspirin_salicylic acid_D_CD 
hydrate complex, which belongs to series 87 (see Chapter 3. section 3.5). 
As no further analysis was performed on the kneaded aspirin_r\_CD material, it is 
not known to what extent it may have contained salicylic acid as a decomposition 
product of aspirin. Attempts to recrystallize the kneaded material in water yielded 
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4.4 Salicylamide-Cyclodextrin Inclusion Complex 
The fl-CDesalicylamide inclusion complex (SALMBCD) was identified using the 
IsoPXRD method. The PXRD trace of this complex registered very closely with 
the reference pattern 86 (see Figure 4.4). The peak at 20" 10.7", present in the 
SALMBCD complex but not in the reference pattern, appears at the same 
angular position as a prominent peak of the host (see Figure 4.3). Further 
analysis of the X-ray powder diffractogram of SALMBCD revealed more peaks at 
2fl values of 12.5",15.4" and 19.7" that coincide with those of the host implying 
the presence of the starting material in the kneaded sample. Although the 
material was kneaded further, up to 2 hrs, to force any uncomplexed host or 
guest molecules to complex, the diffractogram of SALMBCD did not change 
Isostructural series 86 
Salicylamide.~-CD complex 
" • 
Figure 4,4 - PXRD trace of salicylamidee~-CD inclusion complex compared 
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The close similarity between the a~erage PXRD trace for complexes comprising 
series 86 and that for series 84 was mentioned earlier (section 3.5. Chapter 3) 
Therefore. great care has been taken in judging the SALMBCD complex as being 
isostructural with complexes of series 86 Consequently. it can be assumed that 
the prepared complex has a similar crystat structure to complexes comprising 
series 86. Thus it can be said that the solid state of this complex possesses a 
side-centred lattice with crystallographic space group C2 (monoclinic system). 
Isostructurality of the prepared complex with complexes of series 86 also implies 
that it crystalli.les with the approximate unit cell parameters a = 19.5 A. b = 245 
A. c = 15.9 A and fl" 109" The arrangement of CD molecules In this complex 
can be assumed to be that of the dimeric channel packing arrangement 
characteristic of complexes of series 86_ 
4.5 Sulfasalazine-Cyclodextrin Inclusion Complexes 
Both the amide and the imide tautomeric forms of SSAL were employed in 
attempts to form Inclusion complexes with the three natural cyclodextrins_ 
Howe~er. only the monoclinic form of sulfasalazine could be included in 1'- and '{-
cyclodextrins by the kneading method Attempts to include the tridnic form via 
the same method failed_ Neither of the two tautomers could be included in ((-CD 
probably due to the relati~ely small ca~ity size of this host for a relatively large 
drug, sulfasalazine_ The coprecipitation method was attempted using both forms 
and, although no complex crystals were obtained in either case it was noted that 
TSSAL had difficulty in wetting compared to MSSAL 
The X-ray powder diffractogram of MSSALBCD was found to match that of series 
84 (see Figure 45) Thus, by a similar argument as that for the fl-
CD_salicylamide case appearing in the preceding SectiOll, the crystalline material 
of the new MSSALBCD complex can be assumed to belong to the tridinic space 
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Ceo 15_8 A, Q co 102°, ~ co 1020 and 1" 104°. CD molecules in the crystalline 
MSSALBCD material are expected to have a CH-type packing arrangement 
Although great care has been taken in matching the diffractograms of SALMBCD 
and MSSALBCD complexes with the reference patterns of the respective 86 and 
84 isoslrl)Ctural series, the ambiguity resulting from the closeness of PXRD 
traces of these two series may call for further analysis of the preJ)<lred complexes 
for the proposed crystal data (space group and unit cell parameters) to be valid_ 
However, since complexes of both series have CD dimers arranged in the CH 
packing mode (see Chapter 3) the top~ogy of the host framework in the 
prepared complexes can confidently be said to be that of the dimeric CH packing 
arrangement as proposed. 
r------------------------------------------. 
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Figure 4.5 - PXRD patterns of monoclinic sulfasalazine-CD inclusion complex versus 
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DNa (5) + KCI (s) + BCD (s) + H20 (I) ---). DKBCD (s) J. + NaCI (aq) 
DNa (5) + CsCI (5) + BCD (s) + H20 (I) > DCsBCD (s)" + NaCI (aq) 
1:1 molar ratios of DNa'll-CD were used in the presence of an excess amount of 
either KCI or CsCI for the preparation of the potassium and the caesium 
complexes respectively. 1 hus 100 mg of p-GD, 30 mg DNa and 75 mg KCI were 
used for the preparation of the DKBCD complex while 100 mg of p-CD, 30 mg 
DNa and 168 mg CsCI were used in the preparation of the DCsBCD complex. 
For each complex, the pre-weighed amounts were dissolved in 4 ml of water at 
65 - ?DoC with constant stirring for 60 minutes, The resulting clear solution was. 
in each case, filtered into a glass vial with a 045 ~lm nylon microfilter while hot 
The vial was then closed with parafilm. which was punctured a few times using a 
needle to enhance evaporation while at the same time preventing dust particles 
from entering the vial. Clear crystals were obtained after leaving the preparations 
at room temperature for three to four weeks. Similar results could also be 
achieved within a week by growing crystals at elevated temperatures (55 - 60 
°C). leaving the preparations in the refrigerator resulted in a white powder which 
we did not characterise further 
5.3 Characterisation 
5.3.1 Hot Stage Microscopy 
Crystals were taken out of the vials and the excess mother liquor was removed 
using dry filter paper. These crystals were then placed on a cover slip. 
submerged in silicone oil and were heated at a rate of 10 K min", HSM 
photographs of both DKBCD and DCsBCD are presented in Figure 5.2. The 
colour change from colourless to brown, evident at about 215 oC, is attributed to 
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for the host alone, the decomposition temperature is considerably higher 
Diclofenac sodium has a melting point in the range 283 - 285 °C and its free acid 
is known to melt at 156 - 158 °C [37], neither of which events was observed in 
the HSM analysis, implying that the prepared complex is free of the starting 
materials, Both the DKBCD and DCsBCD complexes displayed similar thermal 
events. They commenced dehydrating at aboul100 "C as indicated by bubbles 
evolving from the silicone oil, and decomposed at about the same temperature. 
T=105"C 
Figure 5.2 - HSM images of both DKBCD (the potassium complex) and DCsBCD 
(the caeSium complex) recorded at various temperatures Both complexes were 
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5.3.2 TGA, Karl-Fischer and DSC 
Karl-Fischer and TGA techniques were used to determine the amount of water of 
crystallization in each complex. We used both techniques in a complementary 
way as preliminary results from the TGA analysis had a high variance. Better 
consistency for TGA results was obtained by allowing samples to equilibrate with 
the atmospheric conditions overnight following their removal from the mother 
liquor. For all three analyses (Kart-Fischer, TGA and DSC), samples were 
crushed into a powder after being left to dry in an open atmosphere overnight 
Measurements were taken on the same sample batch for all techniques and 
analysis results are given in Table 5.1. Although the Karl-Fischer and TGA 
techniques have overlapping error ranges, the Karl-Fischer technique estimated 
Slightly higher nominal values of n (water of crystallization), by aoout 0.3 H20 
molecules per complex unit, than the number of water molecules that could be 
located in the crystal structures of both the DKBCD and DCsBCD complexes. 
Table 5.1 - TGA and Karl-Fischer results for both the potassium and the caesium 
complexes 
TECHNIQUE TGA KARL FISCHER 
Complax % M __ lon " % Mot_t\.irw " 
C42H7DOll·C14H 1 ~CI2N O2 
• K -nH2O 
10.9 ± 0.5 9.5-10.5 12.2 ± 1 10.3 -12.4 
C42 H7DO!!-C14H1DCI2N02' 
• Cs -nH2O 10.0.1 0.5 9.1-10.1 11.3 .1 1 9.9-12.1 
Good correlation is observed between the DSC and TG traces of both 
complexes. The DSC endotherm at about 70 -110"C in both complexes (Figure 
5.3) can be interpreted as an enthalpy change resulting from the loss of complex 
water This water loss was also captured on the HSM images (Figure 5.2) as 
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30 ~c to about 150 "C (Figure 5.3). has been interpreted as due to complex 
dehydratlon. This TGA mass loss was used to quantify the hydn:llion of each 
complex and the values are presented In Table 5.1 . 
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Figure 53 - Repres6lltatlve TG (In pink) and OSC (in blue) tfaces of both 
OKBCD and DCsBCD complexes 
HSM implied complex decompus.tK>n at 215 "C (images in Figure S.2) and the 
vast mass loss on the TG (following a plateau from the mass loss due to complex 
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temperature This decomposition also manifests itself as a broad exothermic 
peak in the DSC curve. with an onset temperature at about 220°C. Also notable 
is the similar trend in the DSC curves of both DKBCD and DCsBCD implying 
similar thermal events such as complex dehydration and degradation pathways. 
5.3.3 Elemental analysis 
Further characterisatiOll of the prepared complexes by elemental analysis served 
two purposes. Firstly. it was to confirm the host:guestwater ratio for the complex 
formulae in Table 5.1 The second reason was to monitor the completeness of 
the exchange reaction, i.e. the replacement of the sodium ion by the potassium 
(or caesium) ion, performed in the preparation of these complexes (refer to 
chemical equations in section 5.2). 
Elemental analysis was performed on the same batch as that used for thermal 
analyses. For each prepared complex (DKBCD and DCsBCD), the microanalysis 
results presented in Table 5.2 are in line with the host:guestwater ratios used in 
calculations of n using TG analysis. The good agreement between the calculated 
and the experimental CHN results also rules out the possibility of an incomplete 
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Table 5.2 _ Calculated and experimental CHN results for bolh the DKBCD and 
DCsBCD complexes Microanalysis data are given as the average of three 
determinations. I 
Complex Formula 
C42 H'oO,,-C ,4H loCI,NOz K· C.,H ;0005- C14H ,oCbNO. 'Cs' 
.10H}0 _9.6H,O 
Element Calculated EJq>eriment.ll CalcuLated Experimental 
"C 40.78 40.83 38.75 38.82 
"H 6.11 6.05 5.76 5.72 
"" 0.85 1.03 0.81 0.81 
'Average e.s.d. for experimental values is .. 0.2 % 
5.4 Crystal Structure Analysis 
5.4.1 Preliminary Space Group Determination 
Preliminary unit cell parameters and Laue groups of both the DKBCD and 
DCsBCD complexes were checked on the Nonius Kappa CCO diffractometer 
with the crystals maintained at room temperature. The findings suggested 
isostructural behaviour in the two complexes. with the caesium complex having a 
slightly larger unit cell volume than the polassium complex. The preliminary 
check indicated a primitive orthorhombic lattice for both complexes. 
Monocrystals of high quality (as indicated by their ability to extingLish plane-
polarised light uniformly) were then selected and cut to near cubic dimensions of 
0.30 x 0.30 x 0.30 mrn J for the potassium complex and 0.12 x 0.16 x 0.19 mm3 
for the caesium complex. The crystals were then mounted on a glass fibre and 
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collection The Paratone N oil also helped to prevent dehydration, which would in 
turn result in crystal cracking. Crystals were then cooled to -160 DC to reduce 
atomic thermal vibrational motion This was necessary to optimise the diffraction 
quality. ensuring the collection of high-angle data to maximise the resolution 
5.4.2 Intensity Data-Collection 
After cooling the crystal. the data were then collected on the same Nonius Kappa 
CCO diffractometer. with instrument settings as described in Chapter 2 It 
became apparent during the refinement and model optimisation stages of the 
crystal structures that the reflection intensity data suffered from absorption 
effects and therefore data recollections with direction cosines were pertormed 
The previous sets of data were thus discarded Only the results based on the 
final data sets that were collected with direction cosines and subsequently 
corrected for absorption are reported here. The default parameters in the 
SADABS [see Chapter 2 for SADABS reference] program were used in 
absorption treatment of the data of the two complexes. The intensity data were 
collected for the 0 range of 1.4' - 27.3° for the potassium complex and 1,4° -
25.8' for the caesium complex. with the respective crystal to detector distances 
of 46 and 52 mm. The completeness of the intensity data-collectIOn was 98,6 % 
for DKBCD and 99,8 % for DCsBCO with respective exposure times of 30 and 
106 seconds per frame. Longer exposure times were deemed necessary for the 
caesium complex, whose data were collected in P1 but later processed in the 
correct space group Data-collection parameters, refinement parameters as well 
as refined crystal data for the studied didofenac salt inclusion complexes are 
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Table 5.3 _ Crystal data, data-coliectlon and refinement parameters for the DKBCD and 
DCsBCD crystal structures 
Complex DKBCD DCsBCD 




Crystal S~em Orthorhombic Orthorhombic 
Space Grol4l P2,2,2, P2,2,2, , 15,4777(1}A 15.4668(1) A 
b 25.9583(2) A 26.0042(2) A 
, 36.7799(2) A 368118(4)A 
V 14777.2(2) A' 14805,8(2) A' 
z 8 8 
D_ 1.483 g,cn,-' 1.557 g.cn1'" 
Mo5aicity 0.8" o 8-
F (000) 6976 7184 
-
II (MoK,,) 0.25 mm-' 0.68 mm-' 
Crystal Size 0.30 x 0.30 x 0.30 mm' 0.12 x 0.16 x 0.19 mm' 
Temperature 113 K 113 K 
-
B riWll1l' SC<nlOO (O) 1.4-27.3 14-25.8 
Indax Range' h 19,19; k: -33,33; I: --44,47 h, -18,18: k:-31,31; 1 --44,47 
Refledlons Collected 148189 342970 
Uniqua Ran.ctions 32677 28243 
Ro. 0,005 0.113 
R, 0.077 0.087 
Reflactions with 
27018 
1 > 2o:ffi 
20144 
Least-SQuares 1478 1450 Paramelef1i Reline<:! 
S 1.11 104 
R Indjoos R, - 0.0902, wR,=0.2114 Rt '" 0.0821, WR2 - 0.2313 
SMlle.s.d. 0.02,0.00 0.02,000 (MaxImum, Averasle) 
Flack x Paramet« 0.03(6) 0.04(2) 
(L\O)-. final 1.71 eA' 2,55 eA-' 
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5.4.3 Space Group Confirmation and Structure Solution 
The space group assignments were coofirmed using the program XPREP 
[referenced in Chapter 2] which indicated a primitive lattice type on input of cell 
dimensions to the hid files of both DKBCD and DCsBCD. A search for higher 
symmetry indicated the orthorhombic crystal system, with mean 1 E2 - 11 "0.682 
for the potassium cOlTlllex, Further inspecUon of the DKBCD reflection data 
using the program LAYER [referenced in Chapter 2] implied the presence of 
three sets of screw axes as evidenced by the systematic absences h" 2n +1 on 
hOD, k " 2n + 1 on OkO and I " 2n + 1 on 001. There were a few indexed 
reflections violating this systematic absence behaviour in the collected DKBCD 
intensity data. We therefore increased the tolerance parameter in XPREP, from 4 
to 8, to cater for these violations. This resulted in the space groups P222, P2221, 
P21212 and P2 12121 being indicated as possible space groups. However the 
structure could not be solved in P222 P2221 or P2,212 as alternative space 
groups suggested by XPREP, though with lower figures of merit than that for 
P212121. The space group chosen for solution of the DKBCD structure was 
therefore P2,2121 
For the caesium complex, the space group P212121, with mean' E2 - 11 '" 0.732, 
was indicated as having the lowest CFOM by the XPREP computer program. 
Thus the space group P212,21 was also used for the solution of the OCsBCD 
crystal structure In each case, the unit cell volumes were conSistent with two 
complex formula units per asymmetric unit 
The diclofenac potassium_B-CO crystal structure was solved ab initio using the 
SHELXD computer program [referenced in Chapter 2], which revealed the 
positions of the potassium ioos as well as most of the non-hydrogen atoms of the 
host molecules and guest anions. The DKBCD complex formula as determined 
from TG and elemental analyses (Table 5.2) had been used to calculate 80 % of 
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(increments of 10 for each subsequent cycle) set for the PLOP command. The 
run was terminated based on the CC value, which was beyond 85%. The carbon 
skeleton of the two CD rings cOtqlrising an asymmetric unit of the DKBCD 
crystal structure could be unambiguously located after a SHELXD run, which 
took several hours_ 
The diclofenac caesium.i3-CD crystal structure was solved by rrolecular 
replacement using the rigid part of the host framework of the refined DKBCD 
structure. All atoms of the starting model (refined DKBCD host) were however 
assigned isotropic thermal parameters for the starting cycles so that the model 
was unbiased for the caesium complex 
5.4.4 Key for Complex and Atom Nomenclature 
For ease of comparisons, a similar numbering scheme for the host molecules 
and guest anions of both the DKBCD and DCsBCD structures was followed and 
is shown in Figure 54_ Since there are two crystallographically independent 
complex units comprising an asymmetric unit (in both DKBCD and DCsBCD), 
one complex unit will henceforth be referred to as the P unit and the other the Q 
unit. The P unit consists of the host whose glucose residues are labelled G .. ---7 
GG and the guest labelled CI1 ~ 0 19, while the Q unit consists of the host 
labelled GH ---7 GN and the guest labelled CI:w ---7 03~ (Figure 5..4)_ The numbering 
of atoms of a glucopyranose ring then changes accordingly such that the 
conventional 0 6 atom then becomes O~ for the glucose residue GA , Os8 for the 
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Figure 5.4 - Schematic diagrams showing the host and guest numbering, which is 
common in both the DKBCD and DCsBCD structures. The top diagrams of both the host 
and the guest molecules are of a crystallographically independent complex unit 
(hereinafter the P unit) wIlile the bottom diagrams belong to lt1e second 
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In both the DKBCD and DCsBCD structures, the metal ions and water molecules 
are on the peripheries of the independent P and Q complex units and as such 
cannot be exclusively associated with a unit. Thus for the potassium structure, 
the two peripheral metal counterions located in the asymmetric unit have been 
labelled K, and K. arbitrarily. Since K, was later found to be disordered over two 
sites, the disordered fragments were then labelled K,A and K,B (as they appear 
in Table 54). Similarly, the labelling of the disordered fragments of the two 
caesium ions in the asymmetric unit of the DCsBCD structure is Cs,A and Cs,B 
for one complementary fragment. and Cs.A and Cs,B for the other 
complementary fragment 
All oxygen atoms of water molecules are labelled with a suffix oW' (WA and WB 
for the disordered water molecules) and are numbered with a subscript (being an 
integer from one to the maximum number of water molecules located for each 
structure). Consequently, the twenty water molecules in the asymmetric unit of 
the potassium complex are labelled O,W -7 O'lOW; with the disordered OjW and 
02W labelled O,WAf01WB and O,WAlO,WB for the complementing pair of 
disordered atoms. The same numbering applies for oxygen atoms of water 
molecules located in the crystal structure of the caesium complex whereby also 
01W and 02W were found to be disordered and so were labelled O,WAlO,WB 
and 02WAf02WB for the complementary pair. There are eighteen water 
molecules in the DCsBCD asymmetric unit 
5.4.5 Structure Refinement and Model Optimisation 
Both the DKBCD and DCsBCD structures were refined in SHELXL-97 [ref in 
Chapter 2] by the location of atoms as revealed by difference Fourier syntheses 
following the least-squares optimisation of the agreement between calculated 
intensities for the model With those observed from the collected crystal data. The 
heavy atoms (K or Cs ions) of each structure were assigned after the first 
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cyclodextrin O2, 0 3 and 0 6 atoms were then assigned as they appeared on the 
subsequent difference Fourier maps_ All assigned atoms were initialty refined 
isotroplcally 'Nith their thermal parameters being constantly monitored after each 
cycle. Most of the non-hydrogen atoms were later refined anisotropically. at 
which point oxygen atoms of the water molecules were assigned. 
During refinement of some of the guest non-hydrogen atoms. it became evident 
that one potassium ion in DKBCD is disordered over two positions. while the 
second, crystallographically independent potassium ion relined well with a full 
site-occupancy factor (s,o,f.)_ The two caesium ions were found to be disordered, 
each over two positions, in the DCsBCD crystal structure One 0 6 atom in both 
the DKBCD and DCsBCD structures was also found to be disordered over two 
sites. The disordered fragments of the 0 6 atom occur at identical glucopyranose 
residues, GH, in the two structures and with similar s_oJ_'s and fractional 
coordinates (Table SA) 
The disordered atoms or ions were modelled by assigning each disordered 
fragment a fixed U,.., value (averaged from ordered atoms of similar type) with 
variable s_oJ_'s, x for one fragment and 1-x for the other. On settlement of the 
s,o,L's to relatively stable values, the heavy atoms (K ions in DKBCD and Cs 
ions In DCsBCD) were allowed to refine anisotropically. With the exception of the 
disordered atoms/ions and carbon atoms, all the oxygen atoms of the host 
molecules were refined anisotropically during the late stages of the refinement. 
For the guest (diclofenac anions), roy the carbon atoms of the phenyl rings, and 
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Table 5.4 - Refined s,o.f. values and fractiooEI coordlnales of disordered atoms 
in the DKBCD End DCsBCD crystal slructures In parentheses are Ihe estlmEted 
standBrd deviations (e,s,d, 's), 
Atom Label xla ylb zlc s.o.f. 
Twenty water molecules were located in the asymmetric unit of the DKBCD 
crystal structure (an equivalent of 10 water molecules per complex formula unit) 
while eighteen water molecules (an equivalent of 9 water molecules per complex 
formula unit) could be located in the DCsBCD strocture, Two of the located water 
molecules in each complex crystal structure were disordered, each over two 
sites, and were modelled as described above 
Except for the hydroxyl hydrogen atoms of the host, hydrogen atoms were 
generally added in idealised positions using a riding model. The hydroxyl H-












cases in which a clash of H-bonding was identified, one of the involved H-atoms 
was refined using a maximum electron density searching model H-atoms were 
not placed on the disordered components of the host molecule. No disorder was 
observed in the guest anions. No attempts were made to locate water hydrogen 
atoms 
The structural models for both complexes fit the collected data as can be seen 
from the R indices,S values and other refinement parameters shown in Table 
5.3. While deliberate attempts were made to reduce absorption error as far as 
possible (i,e use of small, equant crystals and empirical absorption corrections 
applied using program SADABS), some residual error remained. Further 
difficulties associated with cation disorder rendered the fi al refinements 
challenging Thus reSidual electron densities above 1 rA -3 are present in both 
structures, The maximum residual electron density, 2.55 fA _3, in the difference 
Fourier map of the caesium complex could not be eliminated This peak occurs at 
a distance of 1.14 A from a disordered fragment of the caesium ion (Cs1B) Other 
atoms neighbouring this residual peak, including symmetry equivalents, are HsE, 
0 20 and 05E with respective distances of 2.08, 2.78 and 2.90 A. Considering 
that the DCsBCD complex was analysed as having 9.6 water molecules per 
complex unit (in Tables 5.1 and 5.2) and yet only 9 were found in the crystal 
structure, it was tempting to assign the peak as a water molecule but again it is 
too close (1.14 A) to a ca sium fragment (Cs1B) and consequently could not be 
refined as such. Bearing In mind the large atomic number of the caesium ion (54 
electrons) and the problems associated with its dISorder, the final residual density 
of 2,55 e A-3 was considered tolerable. A relativety large residual electron density 
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As seen in Table 5.3, both the DKBCD and DCsBCD complexes crystallize in the 
same orthorhombic space group, P212121, with very similar unit cell parameters 
and With two formula units in their respective asymmetric units. In contrast to this 
the DNaBCD complex [36] crystallizes in space group P61 with one complex 
formula unit of 1:1 host-guest ratio in its crystallographic asymmetric unit. 
Furthermore, unit cell edges and interaxial ratios of the DNaBCD complex (a " 
15.956 A and C" 50.95 A) are distinct from those of the K and Cs analogues. 
Thus the isostruclural DKBCD and DCsBCD inclusion complexes are expected 
to be non-isostructural with the DNaBCD complex. Comparisons between these 
three diclofenac salt.B-cyciodextrin inclusion cO\llllexes will be presented in the 
subsequent sections. 
5.4.6 Description of the Structure and the Mode of Drug Inclusion 
The unique unit required to generate the full contents of the unit cell in both 
DKBCD and DCsBCD crystal structures consists of a pair of crystallographically 
independent host-guest complex units and associated water molecules. The 
reader is referred to section 5.4.4 for nomenclature of the two crystallographically 
independent host-guest complex units. In each structure. the two CD rings of the 
P and Q units are held together by metal coordination bonds and by two types of 
hydrogen bonds. These two types of hydrogen bonds are the direct head-Io-tail 
links (06(P)oooO:.l(Q) or Oi(pj"°-OJ{Q)) and the solvent-mediated links 
(Of(P)oooOWooo0 2(O) or Oi(P)·-· ry,V ···OJ{Q)). Metal- and solvent-mediated 
interactions are discussed In section 5.4.7, while host-host intermolecula 
interactions are discussed in section 5.4.8. Stereoviews of the DKBCD and 
DCsBCD X-ray structures, with the components of the asymmetric units, are 
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• • 
Figure 5.5 - Stereo diagrams showing the asymmetric units of DKBCD (top) and 
DCsBCD (bottom) complexes as viewed along the crystallographic b-axis Metal 
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Details of Guestlncius/on Mode 
As was the case for the DNaBCD complex [36], the phenyl acetate moiety of the 
drug In the DKBCD and DCsBCD complexes inserts into the CD cavity via the 
primary side while the dichlorophenyl residue includes into the secondary side of 
the neighbouring II-CD molecule (Figures 5.5 and 5.6), The chlorine, amine, 
methylene and carboxylate portions of the drug are 'sandwlched' between 
successive CD molecules. 
For the potassium complex, the C."-7Cg phenyl ring is inclined at an angle of 
38,3(2)0 to the mean 04H-70.N plane at the symmetry related position 0,5 - x, 
1 - y. -0.5 + z. The dichlorophenyl ring Cn "-7Czs makes the angle 30.0(1)" with 
the mean O~"-70.G heptagon. Similar values were observed for the caesium 
complex (Table 5.5) These inclusion angles are such that the portions CoCrCe 
and C."c'6-C21 are deeper inside the CD cavity and are stabilised by the 
phenyl-H interacting with the host's hydrophobic CrH~'s. and by the 
phenyl-H---04 interactions (Tabje 5.6). The remaining portions of the 
dichlorophenyl rings, Ch-Cs-C.-CrCh and CI2frC24-C2J-C2s-CI~ are 
sandwiched between the two CD rings, A shallower angle of inclusion of the 
dichlorophenyl ring, 26.6°. was observed in the DNaBCD complex [39]. 
Tabje 5.5 - Host-guest plane calculations to quantify inclusion mode 
DKBCD 
DCsBCD 
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Figure 5.6 - Space-filling diagrams demonstrating the drug inclusion modes in the 
DKBCD (top diagrams) and DCsBCD (bottom diagrams) complexes as viewed 
along the b-axis. Guest atoms have been coloured green for clarity. Purple spheres 
represent cations. Diagrarns (a) and (e) show the complete asymmetric unit, while 
diagrams (b) and (d) in which CD rings have been sectioned show the location 
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Another difference in the inclusion mode of the dichlorophenyl ring in DNaBCD 
compared to the DKBCD and DCsBCD complexes is that in the latter cases the 
C47C9 ring tilt results in CI1 being situated slightly deeper inside the CD cavity of 
a symmetry related host than Cb. whereas the opposite was found in the 
DNaBCD complex. The dichlorophenyl ring of the guest anion that is sandwiched 
between the two CD rings comprising an asymmetric unit has a negligible tilt with 
respect to the CI atoms. so that CI2'l arK! Cbl are included equally. 
The phenyl acetate rings of the two crystallographical ly independent drug anions 
comprising an asymmetric unit of the DKBCD and DCsBCD structures also do 
not enter the primary sides of ~\-CD molecules perpendicularly, but make oblique 
angles of 84.5(2)° between the C1O"~Cl" aromatic ring and the O~704G CD 
plane, and 77.6(2)" between the C~7C34 and the 04H704N planes A deeper 
insertion of the phenyl acetate ring was observed in the DNa BCD crystal 
structure as compared to the other two. The phenylacetate ring in the DKBCD 
and DCsBCD crystal structures is held in place by the weak hydrophobic 
interactions of the guest's aromatic hydrogen atoms with the host's C,-H5 and 
C6-Hs atoms. Also maintaining the rigidity of the drug indusion in the CD 
channels are the guest's intramolecular COO • .. H-N hydroger, bond and the 
intermolecular C-H···" interaction between the neighbouring guest anions 
(section 5.4.9) The sandwiched portions of the drug molecules also interact with 
the metal cations and with the water molecules as described in section 5.4.7, 
Host-Guest interactions 
In both the DKBCD and DCsBCD complexes, the drug confinement inside the 
hydrophobic cavity of the host framework is enhanced by a number of 
interactions, other than the confinement due to host-host interactions described 
earlier and in section 5.4.B. Other interactions include the intramolecular drug 
interactions, as well as intermolecular interactions of the drug with the host with 
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in Tables 5 6 and 5.7 , while Interactions of the drug With the metal ions and water 
m~eGUles appear in section 5.4.7. Drug intramolecular interactions can be found 
in section 5.4.9. 
Table 5,6 - Host-guest close contacts between the diclofenac anion and B-
cyclodextfln in the DKBCD and DCsBCD crystal structures The flumberlng 01 
some hydrogen atoms in DCsBCD is different from that of DKBCD, so the reader 
is advised that the CQlTespondrng Interactions such as H5···H ~L ,· and H5"'H~i in 
thiS Iable reler to chemically corresponding atoms. 
292 
3.144 
05-"-. l - y.- 05 " Z; ~ K - l . J z symmeuy relaleCIatoms 
I Defau~ Cl)nl ad Roo. are tllr>Se ~en by 1"11]. or Covalent RadiuS -+ 0 8 A whocn no! give,,_ 
• Average e 5.Q. '5 are 0,01 A loI' H. H &00 0.005 " 10f' 0 .. ,0 contarJs 
Isostructl,J'allty of the DKBCD and DCsBCD COflllieKes is maintained even at the 
weak imarachon level as \he host-guesl dose cootact distances in the two 
complexes are sinllar (Table 5.6) Close contact Interactions in the two 
complexes occur both inSide the CD cavity and In-between CO cavities as shown 
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A slight difference in the host-guest mteractions of the two complexes is that a 
strong hydrogen bond is established between a secondary hydroxyl group 
(OzJ-HzJ) of a symmetry related ~-CD molecule belonging to the Q complex unit 
and a carboxylate termmal (01~) of the drug anion belongmg to the P complex 
unit in DCsBCD (Table 5.7). The same secondary hydroxyl grrup (OzJ-H2J) in 
the DKBCD complex makes a close contact with the carboxylate terminal (018) 
(Table 5.6) due to the involvement of the 02J-HzJ group as a donor in a 
hydrogen bond with a primary hydroxyl group (O&N) of a symmetry related CD 
ring in the DKBCD complex (Table 5.13 section 5.4.8;. 
Table 5.7 - A list of hosl-guest hydrogen bonds in the DKBCD and DCsBCD crystal 
structures. The numbering of some hydrogen atoms in DCsBCD is different from that of 
DKBCD, so the reader is advised that the corresponding interactions such as CI1""-H l K1" 
and CI1 .. ·H,~· in this table refer to chemically corresponding atoms. D is the donor atom, H 
IS the hydrogen atom and A is the acceptor atom (see pages iv and v for abbreviations and 
symbols) 
Symmetry transfomlations: . O.S - x, 1 - Y. - O.S + z; ' - 1 + x. y, z 
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The host-guest complex in the two structures (DKBCD and DCsBCD) is 
strengthened by a number of hydrogen bonds operating both inside the CD 
caVities and in intercavity spaces. The host-guest hydrogen bOllding network is 
also similar in the two complexes (Table 5,7). 
The sandwiched guest atoms, in both complexes, are involved in binding the CD 
molecules of the P and a units together (including symmetry related units) Apart 
from the obvious connection of neighbouring CD molecules due to one portion of 
the drug interacting with one CO ring while the other portiOll interacts with the 
next CD ring, the binding effects due to the sandwiched portions of the guest 
anions are made possible by the following kinds of host-guest interactions, 
operating in independent P and a CD rings, and in symmetry related CD 
molecules (Tables 5.6 and 5.7): 
Guest (conneclion) 
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5,4,7 The Roles of Metal Cations and Water Molecules 
The K' and Cs + ions are situated at the peripheries of the P and Q complex units 
(Figures 5.5 and 56) and establish the M+···O coordination bonds shown in 
Table 5.8 and Figure 5.7 The role of metal cations in connecting successive CD 
molecules has been highlighted in the preceding section (section 5.4.6). The 
metal cations are also found to have a role in a number of other interactions such 
as holding the water molecules in place (Table 5.8 and Figure 5.7) and thus 
participate in the hydrogen bonding network. In DCsBCD, a disordered fragment 
of the caesium ion (Cs.A with a s.oJ. of 53%) is found to be interacting with the 
carboxylate end of a symmetry related complex unit (Table 5.8 and Figure 5.7) 
and therefore holds the drug molecule inside the CD cavities in a fixed 
conformation. 
Table 5.8 - Analysis of the coordination geometry around the metal cations in both 
DKBCD and DCsBCD crystal structures. Empty rows under the symmetry operator 
column indicate that the corresponding atoms occupy general x, y; z positions. 
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-x, 0.5 + y, 1 .. ~_C ~=:::j 
,1.5-z 
y,1.5-z 
0.5 + y, 1.5-z 
1+x,y,z 
As shoWl1 in Figure 5.7. the ordered K+ (Kz) has a coordinatiOll number of six as 
was found for Na+ in the DNaBCD complex [39]. but the coordination bonds are 
longer in OKBCD due to the large size of the potassium ion compared to Na+ 
The disordered K+ fragments, K,A and K,B have coordination nl.lTlbers seven 
and eight respectively. and their coordinaliOll bond lengths vary significanUy in 
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Key: t 1_x,0.5+y,1.5_z; · 0.5 + x, 1.5 -y, 1 -z; ' -x,0.5+y,1.5-z; 
§ x-O.5, 1.5-y, 1-z 
Figure 5.7 - Diagrammatic representation of the coordination geometl)' around metal 
ions. Only the potassium ion with a full site-occupancy is shown for the DKBCD 
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The coordinatioo boods made by the Cs+fragrrents in the DCsBCD complex are 
the longest in the three complexes. This is not surprising as the caesium ion 
(r" 1.67 A) is consklerably larger than K+ (r" 1.38 A), which is in turn larger than 
Na+ (r " 102 A), The caesium ions with the highest s.oJ. values have a 
coordination number of ten, Other caesium fragments in the DCsBCD crystal 
structure have coordinatioo numbers eight and eleven for Cs,B and Cs~B 
respectively, 
All of the water molecules of crystallization in both the DKBCO and OCsBCD 
complexes are found to be interacting with both the P and Q complex units. 
These solvent molecules are either interacting with each other through hydrogen 
bonds (e.g, 0 12W"'01SW, 2.84 A in OKBCO and 09W"'07W, 2.88 A in 
OCsBCO), with the metal ions (Table 5.8 and Figure 5.l), or are hydrogen 
bonded to either (or both) the guest anioos and/or the host molecules (Table 
5.9) 
It is also found, in both structures. that a particular water molecule can be 
involved in more than one interaction (e.g, 0 16W coordinated to K1B and 
hydrogen bonded to 012W and 07J in OKBCO). An analogous situation occurs in 
OCsBCD, This is because a water molecule can utilise its total booding 
capabilities by donating both of its hydrogen atoms to suitable H-acceptor atoms 
and thus leave a partial negative charge on its oxygen terminal This then attracts 
positively charged species such as the K1B ion in the above example. 
The difference in the crystal water contents of the complex OKBCO (with 10 
water molecules per formula unit) and complex OCsBCO (with 9 water molecules 
per formula unit) altered the water-mediated hydrogen bonding network in the 
two complexes (Table 5.9), As a result. the potassium complex has more 
hydrogen bonds involving water molecules than the caesium complex, although 
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Table 5.9 - Analysis of hydrogen bonds involving crystal water molecules of both DKBCD 
and DCsBCD complexes, D is the donor atom H is the hydrogen atom and A IS the 
acceptor atom (see pages iv and v for abbreviations and symbols). 
' -O,5+x,1.5-y,1-z ' O.5+x,1.5-y 1-z; -x,O,5+y,15-z; 
" -1 +x.y,z: · O,5-x, 1-y, O.5+z; ' 1-x,-O.5+y,1.5-z 
QO,5-x,1-y,-O,5+Z; ' O.5+x,O.5-y 1-z; 1+x,yz, 
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5.4.8 The Host Framework 
CD rings of the neighbourmg P and Q units are inclined with respect to each 
other by angles of 16.57(2)° and 16.78(3r between their corresponding 0 4 mean 
planes in the DKBCD and DCsBCD complexes respectively (Figure 5 8 - only 
the potassium host frame is shown), Geometric parameters that describe 
structural features of cydodextrin molecules in the two complexes are shoWll in 
Tables 5.10 - 5.12. These geometric parameters have been defined in Chapter 1 
(section 1.1.3). 
-~ 
Figure 5.8 - A representative asymmetric unit of the host framework of ' 
DKBCD and DCsBCD crystal structures showing the structure and 
conformation of the host molecules as viewed obliquely from the primary side 
The top CD ring with labetling GA----)Gc; forms part of the P unit while the 
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Inclusion of the dlclofenac caesium and potassium salts in ~-cyclodextrin has 
introduced some distortion in the host molecules. As for the principal torsion 
angles (Table 5.10), two of the Co-Os bonds, C6F-OsF and CsH-OsH of a 
disordered component (the one with a higher site-occupancy factor), are p~nting 
inside the CD cavity while the rest of the Co-Os bonds adopt the usual (-)-gauche 
conformation. The two Co-Os bonds, CsF-OsF and CsH-OsH are in the (+)-
gauche conformation since they interact with the Sp3 carbon atoms of the 
diclofenac anions in-between CD cavities via weak hydrogen bonds (Table 5.7, 
section 5.4.6). 
The secondary face of a ~-CD molecule is wider than its primary face and hence 
the glycosidic torsion angle (fJ is smaller than the glycosidic torsion angle '+' 
(Chapter 1, Table 1.1) This was also the case for the DKBCD and DCsBCD 
complexes (Table 5.10), the main difference being the deviation of the DKBCD 
and DCsBCD <I> and '+' values from the average values known for parent ~-CD 
molecules [41]. 
All glucopyranose units (CD monomers) in both the DKBCD and DCsBCD 
complexes are in the usual 4C, chair conformation as evidenced by the plus 
signs of Ell and the minus signs of B. values in both diclofenac complexes. 
Furthermore, the 81 and 82 torsion angles in the two complexes did not deviate 
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Table 5.10 - ~-CD principal torsion angles in DKBCD and DCsBCD complex 
structures. The values have been rounded off to the nearest unit. ' 
• 0, atom with a higher s.o.1. used in ,,' calculations 
·e.s.d. 's ranges are as follows:-
DCsBCO 
DKBCD [P Unit] (,) (0.6 -07), <D (0.5 - 0.6"), 'I' (0.5"), 8, (06"), e, (0.5-0.6") 
[0 Unit] '" (0.5 - 0.3"), <D (0.5- 06"), 'I' (0.5 - 0,6"), 8, (0,6 -07"), e, (0.5 - 07') 
DCsBCD: [P Unit] '" (0.3 - 1 .O''). <D (0.7 - 0.3"), 'I' (0.6 - 0.7''), f'J, (0.3 - 1 .0"), Hz (0.8 _ 0.9°) 
[Q Unit] '" (0,7 -1,1"), <I> (0,6 - 0,3"). IjI (0,6 - O.n, 13, (0.3 -1.0'), e 2 (0.7 _ 09') 
The mtersaccharide bond angles 'P (Table 5.11) of the DKBCD and DCsBCD 
colTplexes do not deviate Significantly from the mean value of 118°. The 
02(n)···03(n-1) distances are also close to the usual mean value of 2,92 A for all 
but one link. This link, 02M···03L (indicated in red in Table 5.11), is broken as a 
result of the metal ions K. and Cs28 causing the primary side of pyranose ring 
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Table 5.11 - The glucopyranose conformation deSCriptors in the DKBCD and DCsBCD 
complexes 
The GL and G1 glucose residues exhibit the smallest tilt angles (t2 in Table 5.11) 
in both complexes Also notable in both complexes is the significant difference in 
the '1 values of the P and Q units. These values are more uniform for the P unit 
but vary considerably in the Q units. This can be attributed to the interactions of 
the metal ions as stated above. 
With regard to the 0 4 heptagon, a few 0 4 atoms exhibited above average [42] 
deviations from the mean 0 4 plane. in particular for the cyclodextrin ring of the Q 
unit (Table 5.12) Consequently, torsion angle values I t I vary from as low as 
2.2° to as much as 24.60 in DKBCD and from 2.70 to 22.2" in the DCsBCD 
com~ex. Other parameters describing the 0 4 heptagon (I, a and r) remall1W 
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Table 5.12 - Geometric parameters describing the 0 4 heptagon of j3-CD molecules in the 
DKBCD and DCsBCD complexes. 
· e,s.d s distances involving the O. atoms' 
DKBCD 0.003 A lorall atoms 01 the P unit and 0,003 - 0,004 A lor atoms of the Q unit 
DCsBCD 0.004 - 0.005 A for atoms of the P unit and 0.004 A lor all atoms of tile Q unit 
Apart from the O2 ••• 0 3 intramolecular CD interactions (Table 5.11) which bind 
adjacent glucopyranose monomers together and thereby keep CD rings In a 
defined 'truncated cone'-like shape, a number of intermolecular host-host 
interactions that are established between the extra-cavity atoms maintain the 
crystal packing in the DKBCD and DCsBCD complexes Interactions of the 
primary and secondary CD rims, which link successive CD layers and adjacent 
channels together, are presented in Table 5.13. Although only the hydroxyl 
O-H-"O interactions are shown in Table 5.13, other interactions like C-H-"O 
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Table 5.13 - 0---0 hydrogen bond distances for the intermolecular host-host interactions 
established by the primary and secondary hydroxyl groups in the DKBCD and DCsBCD 
crystal structures 
' ---O.5+x, 15-y, 1-z; 
' O,5-x,1-y,D,5+Z; 
" ---0.5 + x, 0.5 -y, 1 -z' 
-x,-0_5+y,1.5-Z; 
' -1 +x,y,z; 
~ Thfl disoroom<i "tom f"'gmflnt is the Onfl with" low S 0 f ;m<i with thfl G:;---Oc bond pointing 
away from the CD cavity (i.e. in the (-)-gauche mien/aliOfl) in both complexes 
The host-host hydrogen bonding networks In the DKBCD and DCsBCD 
complexes differ to some extent. This is to be expected as these are extra-cavity 
interactions and the extra-cavity environments in the two complexes differ due to 
the difference in the water content and the natu,e of the metal ions that 
participate in interactions outside CD cavities in the two complexes_ 
In a few instances, from 0··-0 distances in the range 2_6 - 3.0 A a host O-H 
group appears to engage as a donor in more than one hydrogen bond to oxygen 
acceptor atoms This may be due to bifurcation, trifurcation and/or the known 
dynamic nature of H-bondlng in CD hosts. Earlier difficulties (section 5.4.5) 
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Unlike the DNaBCD complex, which packs in parallel head-to-tail screw channels 
modulated by a crystallographic 51-axis alOllQ C, the DKBCD and DCsBCD 
complexes pack in antiparallel head-to-tail screw channels along C (Figure 5.9). 
In the latter complexes. a pseudo 3·fold axis seems to relate the host molecules 
in an asymmetric unit. In addillon, the CD molecules in layers parallel to the ab 
plane are linearly aligned in DNaBCD while these molecules are tilted With 
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(b) (0) 
(.) 
Figure 5.9 - Filled unit cells of DNaBCD. DKBCD and DCsBCD complexes showing 
packing of [I-CD molecules in the crystal structures of the three complexes The 
packings are viewed down the a-axis (top three diagams) and down the c-axis 
(bottom three diagrams) for each structure. Diag-ams (a) and (d) are for the sodium 
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5,4,9 Guest Conformation, Interactions and Packing 
Drug complexation within the cyclodextrin molecule may change or distort the 
conformation of the included drug molecule compared to its uncomplexed 
counterpart, or to its conformation in another CD complex. This was monitored 
for the studied dlclofenac drug, An intramolecular N-H"'O hydrogen bond exists 
in both P and Q units of the DKBCD and DCsBCD complexes (Figure 5,10 and 
Table 5 14). This has also been observed in DNa BCD [36,39] and in 
uncomplexed didofenac free acid polymorphs [441-
Because of its charge, a single oxygen atom of a carboxylate group of the 
included drug anion can act as a hydrogen bond acceptor in more than one 
instance, Thus 03T in the DCsBCD and DKBCD complexes is accepting both 
hydrogen atoms donated by the Csi and C2F methyl groups (Table 5,7, section 
5.4,6), while at the same time being possibly hydrogen bonded to 02F (Table 5,6, 
section 5,4,6) and to a disordered Cs+ fragment (Cs2A with s.oJ, = 53%) in the 
DCsBCD complex (Table 5.8 and Figure 57). The 01S carboxylate terminal is 
also held in place by a similar netw"ork of hydrogen bonds involving C6G-HsG" in 
both complexes, and a symmetry related O~-H~ in DCsBCD, as hydrogen 
bond donors (Table 5,7, section 5,4,6). 
The roles of the guest anions in linking neighbouring CD molecules together 
have been highlighted in section 5,4,6, The sandwiched chlorine atoms, for 
example, connect the CJ methyl groups of one CD ring with the Cs methyl groups 
ofthe next CD ring by acting as a '~nking' hydrogen bond acceptor (Table 5 7). In 
both the DKBCD and DCsBCD complexes, aU chlorine atoms of the included 
guest anions (CI" CI2 CI"" C1 21 ) are found to participate in these links, although, 
however, CI20 establishes weak hydrogen bonds with CsK (with donor to acceptor 
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(.) (b) 
(o) 
• Symmetry t'"nsformation 0 5 -x, 1 - y. - 0.5 ~ z 
Fi~re 5_10 Coriormation and hydrogen bonding of the guest molecules of the P 
and Q complex Units, ta) and (b) respectively, whidl are simHsr In both tile 
DKBCD and OCsBCD inckJsion complexes Hydrogen bond distances and a~es 
am nol drawn to scale. The guesl for !he DNaBCD complex (c), In whICh only the 
intramolecular hydrooen bond appears, Is shown for compaf'lson of the guest 











Also notable is the hydrogen bonding network established between the sp" 
carbon atoms of the guests (C15 and C3~) and the hydroxyl host atoms (Figure 
5.10, values in Table 57). 
Possi~e rotations around the C4-N J (or C2J-N 22 ) bond gives freedom of 
orientation of the dichlorophenyl ring with respect to the phenyl acetate ring This 
can be described (Table 5.14) by the torsion angle I, (CrC4-N3-Cl0 (P unit), 
C'!rC2:rN2:Z-C~ (Q unit)). Similarly, the swing of the phenyl acetate ring around 
the C,o-NJ (or Czg-N22) bond can be described by the torsion angle r 2 
(C4-N,C10-C" (P unit), Cn-NZ:z-C2rCM (Q unit)). 
Table 5.14 - Guest conformational descriptors as well as guest-guest inter-
and intraroolecular interactions in DNaBCD. DKBCD and DCsBCD inclusion 
compounds 
- x, - y, 
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Rotallon around the C.-NJ (C2J-Nn ) bond resulted in Cb (and Cb1) being close 
to the phenyl acetate ring in the case of the DKBCD and DCsBCD complexes, 
while CI1 was found to be closer to the phenyl acetate ring in the DNa BCD 
complex ( r 1. Table 5.14) The phenyl acetate ring in DNaBCD was found 10 be 
almost coplanar with the C~-NrC1O (C2J-Nn-C2~) link (r 2, Table 5.14). This 
extent of co-planarity was not evident in the DKBCD and DCsBCD complexes, 
Another interesting difference in the guest conformation in the DNa BCD complex 
versus the other two complexes is an approximate 180Q swing of the carboxylate 
group around the C11-C16 (C3o-CJ~) bond so that the N-H···O hydrogen bond 
(described earlier) is established on the opposite side of the phenyl acetate ring 
in the DKBCD and DCsBCD cofT1Jlexes compared to the DNaBCD complex, This 
is ruso evident from the r, values, wtlich are defined by the torsion angles 
Cl1-C16-C11-C10 and CJoC~,C3o-C2~ for the P and Q complex units 
respectively 
In all three complexes, the guest packing down the CD channels is strengthened 
by C-H"'ll interactions between neighbouring guest anions within a channel 
(Table 5.14 and Figure 5.11). In the asymmetric unit of the DKBCD and DCsBCD 
complexes, the two guest anions are related to each other by an approximate 
1200 rotation around the z-axis and are displaced - ch (9,2 A) away from each 
other, The 21-screw-axis necessitates a 180°, 0.5 + Z orientation of the P or Q 
unit relative to its next counterpart Consequently, the spiralling of the guest 
anions along the c channels of a unit cell is effectively of the geometry 120°, 60°, 
120°, 60° (with corresponding translations - v., v" -:y. and 1 along c) so that 
every fifth guest anion has the same orientation as the first. In contrast, the 
DNaBCD complex has a strict 60 0 (1h + z), 60° CI3 + z), 60° Clo + zl, 60° elJ + z), 
60° (% + z). 60° (1 + z) packing arrangement of the lIlit cell contents 
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• b 
I'} Ib} lo} 
Figure 5.11 - (100) prOjeclions of DNaBCD (a) DKBCD (b) and DCsBCD (e) 
complexes showing the guest packing and the C-H--n interactions in the crystal 
structures of the three complexes 
5.4.10 Emphasis on the /sostructurality of Diclofenac Salt 
Structures 
As shown above and in lhe preceding sections. the two structures, DKBCD and 
DCsBCD. are highly isostructural with respect to both their cyclodextrin 
molecules and the included drug molecules. Their isostructural behaviour is 
shown quantitatively in Table 5.16 and can be seen in Figures 5.5, 5.6, 5,9 and 
5.11. Calculations of isostructural Indices in Table 5.16 were performed over the 
entire unit cell with both the host and the guest anions present Metal cations and 
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different positions in the two structures. Indices for the DNaBCD complex versus 
the two (DKBCD and DCsBCD) are shown for comparison. I., values of 13.3 % 
(Table 5 16) emphasise the distinctly different structure of DNaBCD from the 
other two. 
Table 5.16 - Iso structural indices for DKBCD, BCsBCD and DNaBCD complexes 
as compared against each other 
0.267 13.3 85.9 
0045 0096 278 0,268 133 86,0 
Shown in Figure 5.12 are the X-ray powder diffractograms of the DKBCD and 
DCsBCD complexes. which are superimposable on each other, Thus, the 
computed traces of these complexes were averaged and constitute an 
isostructural class, series 810, as discussed in Chapter 3 
Good matches between the experimental PXRD patterns and those computed 
from the structural models for the DKBCD and DCsBCD complexes imply that 
the refined models best represent the structures of these complexes in their solid 
states, The slight differences in the fine structures between the computed and 
the experimental traces of both complexes can be attributed to differences in the 
resolutions, with step values of 0.025° 0 and 0.005° tl for the computed and 
experimental patterns respedively. Slight angular shifts for peaks in computed 
and experimental traces result from the fact that the former refer to a temperature 
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(a) = Computed PXRD trace for the DKBCD complex 
(b) = Experimental PXRD trace for the DKBCD complex 
(e) = Computed PXRD trace for the DCsBCD complex 
(d) = Experimental PXRD trace for the DCsBCD complex 
Figure 512--=--C~p~ted and experimental PXRD patterns for the DKBCD ~~d 1 
DCsBCD complexes. 
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